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PREFACE

    Pathological anatomy is an important part of medicine practically connecting theoretical knowledge with clinical subjects. The study of patho​logical anatomy is divided into general and organ-system (special) pathology. General pathological anatomy is concerned with basic reactions of cells and tissues to abnormal stimuli. The study is based on independent investigations of pathologically changed separate organs at macroscopical, histological and electron-microscopical levels.
    The word 'Pathology' is derived from two Greek words «pathos» meaning suffering, and logos meaning study. Pathological anatomy is, thus, scientific study of structure of the body in disease; it deals with causes, effects, mechanisms and nature of disease.

    Since pathology is the study of disease, then what is disease? In simple language, disease is opposite of health i.e. what is not healthy is disease. Health is a condition when the individual is in complete accord with the surroundings, while disease is loss of ease to the body (disease).

· Lesions are the characteristic changes in tissues and cells produced by disease in an individual or experimental animal.

· Pathologic changes or morphology consist of examination of diseased tissues by gross appearance or macroscopical “gross” and microscopic examination.

· The causal factors responsible for the lesions are included in etiology of disease ('why' of disease).

· The mechanism by which the lesions are produced is termed pathogenesis of disease (“how” of disease).

· The functional implications of the lesion felt by the patient are symptoms and those discovered by the clinician are the physical signs.

    I am sure, that the preparation of teaching help consisting of a number of lists of macropreparations, descriptions of histological slides, electron micrographs and the fomulation of morphological tasks and study aims would help students acquire deep knowledge of general pathological anatomy and form the basis of clinical studies.

    This review includes  CD-ROM with a lot of histological slides, macropreparations, electron micrographs, which are classified according to lessons topic. I hope it’s help you to prepare for the laboratory work even if you at home and don’t have microscope. You must have only computer with installed Microsoft Office 2000 or higher with Power Point.
LESSON №1

TOPIC: SHORT HISTORY OF PATHOLOGICAL ANATOMY. METHODS OF INVESSTIGATION IN PATHOLOGICAL ANATOMY.
FROM RELIGIOUS BELIEFSTO RATIONAL APPROACH (ANTIQUITYTO AD 1500)

    The earliest concepts of disease were the religious beliefs that affliction or disease was the outcome of 'curse' or evil eye of spirits.'

    The real practice of medicine began with Hippocrates (460-377 BC), the great Greek clinical genius of all times and regarded as 'the father of medicine. He first stressed study of patient's symptoms and described methods of diagnosis.

    Hippocrates introduced ethical concepts in the practice of medicine and is revered by the medical profession by taking 'Hippocratic Oath' at the time of entry into practice of medicine.

    Cornelius Celsus (53 BC-7 AD) first described four cardinal signs of inflammation: rubor (redness), tumour (swelling), calor (heat), and dolor (pain).

    The hypothesis of disequilibrium of elements constituting the body (Dhatus) similar to Hippocratic doctrine finds mention in ancient Indian medicine books  Charaka Samhita, and Sushruta Samhita, compiled about AD 200.

    Cladius Galen (130-200 AD) in Rome postulated humoral theory, later called Galenic theory, suggesting that the illness resulted from imbalance between four humours (or body fluids): blood, lymph, black bile (believed to be from the spleen), and biliary secretion from the liver.

ERA OF GROSS PATHOLOGY (AD 1500TO 1800)

    Dissection of human body was started by vesalius (1514-1564). von Leeuwenhoek (1632-1723), draper by profession, during his spare time invented the first ever microscope by grinding the lenses himself.

    The credit for beginning of the study of morbid anatomy (pathologic anatomy), however, goes to Italian anatomist-pathologist, Giovanni B. Morgagni(1682-1771). With Morgagni, pathology made its beginning on the autopsy table and the concept of clinicopathologic correlation (CPC) had been introduced, establishing a coherent sequence of cause, lesions, symptoms, and outcome of disease.

    SirPercival Pott (1714-1788), famous surgeon in England, identified the first ever occupational cancer in the chimney sweeps in 1775 and discovered chimney soot as the first carcinogenic agent.

    John Hunter (1728-1793) together with his elder brother William Hunter (1718-1788) developed the first museum of comparative anatomy and pathology in the world which later became the Hunterian Museum in England.

    R.T.H. Laennec(1781-1826), described several lung diseases (tubercles, caseous lesions, miliary lesions, pleural effusion, bronchiectasis), chronic sclerotic liver disease (later called Laennec's cirrhosis) and invented stethoscope.

    Carl F. von Rokitansky (1804-1878), performed nearly 30,000 autopsies and described acute yellow atrophy of the liver, wrote an outstanding monograph on diseases of arteries and congenital heart defects.

    Richard Bright (1789-1858) described non-suppurative nephritis, later termed glomerulonephriiis or Bnyht's disease.

    Thomas Addison (1793-1860) gave an account of chronic adrenocortical insufficiency termed Addison's disease.

    Thomas Hodgkin (1798-1866), observed the complex of chronic enlargement of lymph nodes, often with enlargement of the liver and spleen, later called Hodgkin's disease.

ERA OFTECHNOLOGY DEVELOPMENT AND CELLULAR PATHOLOGY (AD 1800 TO 1950s) 

    The discovery of existence of disease-causing microorganisms was made by French chemist Louis Pasteur (1822-1895). Subsequently, G.H.A. Hansen (1841-1912) identified Hansen's bacillus as causative agent for leprosy (Hansen's disease) in 1873.

    Christian Gram (1853-1938), Danish physician, developed bacteriologic staining by crystal violet.

    D.L. Romanowsky (1861-1921), Russian physician, developed stain for peripheral blood film using eosin and methylene blue derivatives.

    Robert Koch (1843-1910), discovered tubercle bacilli in 1882 and cholera vibrio organism in 1883.

May-Grunwald in 1902 and Giemsa in 1914 developed blood stains.

Sir William Leishman (1865-192G) described Leishman's stain for blood films in 1914 and observed Leishman-Donovan bodies (LD bodies) in leishmaniasis.

    Robert Feulgen (1884-1955) described Feulgen reaction for DNA staining.

    Rudolf Virchow (1821 -1905) in Germany is credited with the beginning of histopathology as a method of investigation by examination of diseased tissues at cellular level. Virchow is aptly known as the 'father of cellular pathology'.

    Until the end of the 19th century, the study of morbid anatomy had remained largely autopsy-based and thus had remained a retrospective science. Soon, knowledge and skill gained by giving accurate diagnosis on postmortem findings was applied to surgical biopsy and thus emerged the discipline of surgical pathology.

    The concept of frozen section examination was introduced by Virchow's student, Julius Соhnrheim (1839- 1884).

    Karl Landsteiner (1863-1943) described the existence of human blood groups in 1901 and was awarded Nobel Prize in 1930.

    Ruska and Lorries in 1933 developed electron microscope which aided the pathologist to view ultrastructure of ceil and its organdies.

    The development of exfoliative cytology for early detection of cervical cancer began with George N. Papanicolaou'm 1930s and is known as 'father of exfoliative cytology'.

MODERN PATHOLOGY (1950sTO DAWN OF 21ST CENTURY) 

    In recent times, there have been major advances in molecular biology in the field of diagnosis and treatment of genetic disorders, immunology and in cancer.

    The structure of DNA of the cell was described by Watson and Crick in 1953.

    Identification of chromosomes and their correct number in humans (46) was done by Tijo and Levan in 1956.

    Identification of Philadelphia chromosome t(9;22) in chronic myeloid leukaemia by Nowoll and Hagerford in 1960 was the first chromosomal abnormality in any cancer.

    In situ Hybridization was introduced in 1969 in which a labeled probe is employed to detect and localize specific RNA or DNA sequences.

    Recombinant DNA technique was developed in 1972 using restriction enzymes to cut and paste bits of DNA.

    In 1983, Kary Mullis introduced polymerase chain reaction (PCR).

    The flexibility and dynamism of DNA was invented by Barbara McClintock.

    In 1997, Ian Wilmut, successfully used a technique of somatic cell nuclear transfer to create the clone of a sheep; the cloned sheep was named Dolly. This has set in the era of mammalian cloning.

In June 2000, discovery of chemicals of the approximately 80,000 genes that make up the human body, their structure and position on chromosomes (i.e. mapping of the human genome) has been successfully carried out.

    Recent report in April 2004 suggests that Prof Wilmut's group, which first cloned the sheep Dolly, has applied to the regulatory authorities tor therapeutic cloning of human embryos and is being introduced soon for use in treating human diseases. Due to availability of human stem cell research in which embryonic stem cells obtained from in vitro fertilisation will be used for cell therapy, it seems that time is not far when organs for transplant may be 'harvested' from the embryo.

    Modern day human molecular biology is closely linked to information technology; the best recent example is the availability of molecular profiling by cDNA microarrays in which by a small silicon chip, expression of thousands of genes can be simultaneously measured.

SUBDIVISIONS OF PATHOLOGICAL ANATOMY
    Human pathology is the largest branch of pathology. It is conventionally divided into General Pathology dealing with general principles of disease, and Systemic Pathology that includes study of diseases pertaining to the specific organs and body systems.

    Histopathology, used synonymously with anatomic pathology, pathologic anatomy, or morbid anatomy, is the classic method of study and still the most useful one which has stood the test of time. It includes 3 main subdivisions:

1. Surgical pathology deals with the study of tissues removed from the living body.
2. Forensic pathology and autopsy work includes the study of organs and tissues removed at postmortem.

3. Cytopathology, includes study of cells shed off from the lesions (exfoliative cytology) and fine-needle aspiration cytology (FNAC) of superficial and deep-seated lesions for diagnosis

    Haematology deals with the diseases of blood.

    The detection and diagnosis of abnormalities at the level of DNA of the cell is included in molecular pathology.
AUTOPSY PATHOLOGY

    Professor William Boyd in his unimitable style wrote 'Pathology had its beginning on the autopsy table'. The significance of study of autopsy in pathology is summed up in Latin inscription in an autopsy room reproduced in English as "The place where death delights to serve the living'. There are two methods for carrying out autopsy:

1. Block extraction of abdominal and thoracic organs.

2. In situ organ-by-organ dissection.

    In conditions where multiple organs are expected to be involved, complete autopsy should be performed. But if a particular organ-specific disease is suspected, a mini-autopsy or limited autopsy may be sufficient.

    The study of autopsy throws new light on the knowledge and skills of both physician as well as pathologist. The main purposes of autopsy are as under:

1. Quality assurance of patientcare.

2. Education of the entire team involved in patientcare.

    Declining autopsy rate throughout world in the recent times is owing to:

1. Higher diagnostic confidence made possible by advances in imaging techniques e.g. CT, MRI etc.

2. Physician's fear of legal liability on being wrong.

SURGICAL PATHOLOGY
    Surgical pathology is the classic and time-tested method of tissue diagnosis made on gross and microscopic study of tissues. With technology development and advances made in the dye industry in the initial years of this century, the speciality of diagnostic surgical pathology by biopsy developed. Surgical pathology services in any large hospital depend largely on inputs from surgeons and physicians familiar with the scope and limitations inherent in the speciality.

SURGICAL PATHOLOGY PROTOCOL

1. REQUEST FORM. It must contain the entire relevant information about the case and the disease (history, physical and operative findings, results of other relevant biochemical/haematological/radiological investigations, and clinical and differential diagnosis).

2. TISSUE ACCESSION. Tissue received in the surgical pathology laboratory must have proper identification of the specimen matching with that on the accompanied request form. For routine tissue processing by paraffin-embedding technique, the tissue must be either in appropriate fixative solution (most commonly 10% formol-saline or 10% buffered formalin) or received fresh-unfixed. For frozen section, the tissue is always transported fresh-unfixed. Microwave fixation may also be used in the laboratory for rapid fixation of routine surgical specimens.

3. GROSS ROOM. Proper gross dissection, description and selection of tissue sample is a crucial part of the pathologic examination of tissue submitted.

    Calcified tissues and bone are subjected to decalcification to remove the mineral and soften the tissue by treatment with decalcifying agents such as acids and chelating agents (most often aqueous nitric acid).

It is mandatory that all the gross-room personnel follow strict precautions in handling the tissues infected with tuberculosis, hepatitis, HIV and other viruses.

4. HISTOPATHOLOGY LABORATORY. Majority of histopathology depart​ments use automated tissue processors having 12 separate stages completing the cycle in about 18 hours by overnight schedule:

a) 10% formalin for fixation;

b) ascending grades of alcohol (70%, 95% through 100%) for dehydration for about 5 hours in 6-7 jars,

c) xylene/toluene/chloroform for clearing for 3 hours in two jars; and

d) paraffin impregnation for 6 hours in two thermostat-fitted waxbaths. Embedding of tissue is done in molten wax, blocks of which are prepared using L (Leuckhart's) mould. The blocks are then trimmed followed by sectioning by microtomy, most often by rotary microtome, employing fixed knife or disposable blades.

    Cryostat or frozen section eliminates all the steps of tissue processing and paraffin-embedding. Instead the tissue is frozen to ice at about -25°C which acts as embedding medium and then sectioned. It is a quick diagnostic procedure for tissues before proceeding to a major radical surgery. This is also used for demonstration of some special substances in the cells and tissues e.g. fat, enzymes.

    Paraffin-embedded sections are routinely stained with haematoxylin and eosin (H & E). Frozen section is stained with rapid H & E or toluidine blue routinely. Special stains are employed for either of the two methods according to need. The sections are mounted and submitted for microscopic study.

5. SURGICAL PATHOLOGY REPORT. The ideal report must contain:

i) Precise gross description, ii) brief microscopic findings, and iii) morphologic diagnosis which must include the organ for indexing purposes using SNOMED (Scientific Nomenclature in Medicine) codes.

6. QUALITY CONTROL. An internal quality control by mutual discussion in controversial cases and self-check on the quality of sections are important for accuracy and efficacy of the procedure.

7. HISTOPATHOLOGIST AND THE LAW. Problem of allegations of negli​gence and malpractice in laboratory medicine too have come to the forefront now just as with other clinical disciplines.

SPECIAL STAINS
    In certain 'special' circumstances when the pathologist wants to demonstrate certain specific substances/constituents of the cells/tissues to confirm etiologic, histogenic or pathogenetic components, special stains are employed.

ENZYME HISTOCHEMISTRY Enzyme histochemical techniques for tissue section require special preparations of fresh tissues and can not be applied to paraffin-embedded sections or formalin-fixed tissues since enzymes are damaged rapidly.

BASIC MICROSCOPY
    The usual type of microscope used in clinical laboratories is called light microscope, which may have some variations.

    Simple microscope. This is a simple hand magnifying lens. The magnification power of hand lens is from 2x to 200x.

    Compound microscope. This has a battery of lenses which are fitted in a complex instrument. One type of lens remains near the object (objective lens) and another type of lens near the observer's eye (eye piece lens). The eye piece and objective lenses have different magnification.

    Dark ground illumination (DGI). This method is used for examination of unstained living micro-organisms e.g. Treponema pallidum. Polarising microscope.This method is used for demonstration of birefringence e.g. amyloid, foreign body, hair etc. The light is made plane polarised.

IMMUNOFLUORESCENCE 
    Immunofluorescence technique is employed to localise antigenic molecules on the cells by microscopic examination. This is done by using specific antibody against the antigenic molecule forming antigen-antibody complex at the specific antigenic site which is made visible by employing a fluorochrome which has the property to absorb radiation in the form of ultraviolet light so as to be within the visible spectrum of light in microscopic examination.

FLUORESCENCE MICROSCOPE. Fluorescence microscopy is based on the principle that the exciting radiation from ultraviolet light of shorter wavelength (360 nm) or blue light (wavelength 400 nm) causes fluorescence of certain substances and thereafter re-emits light of a longer wavelength.

    Source of light. Mercury vapour and xenon gas lamps are used as source of light for fluorescence microscopy. A variety of filters are used between the source of light and objective.

    Dark-ground condenser is used in fluorescence microscope so that no direct light falls into the objective and instead gives dark contrast background to the fluorescence.

TECHNIQUES. There are two types of fluorescence techniques both of which are performed on cryostat sections of fresh unfixed tissue:

a) In direct technique, first introduced by Coons (1941) who did the original work on immunofluorescence, antibody against antigen is directly conjugated with the fluorochrome and then examined under fluorescence microscope.

b) In indirect technique, also called sandwich technique, there is interaction between tissue antigen and specific antibody, followed by a step of washing and then addition of fluorochrome for completion of reaction. Indirect immuno​fluorescence technique is applied to detect autoantibodies in patient's serum.

APPLICATIONS. Immunofluorescence methods are applied for the following purposes:

1. Detection of autoantibodies in the serum.

2. In renal diseases for detection of deposits of immunoglobulins, complement and fibrin in various types of glomerular diseases.

3. In skin diseases to detect deposits of immunoglobulin.

4. For study of mononuclear cell surface markers.

5. For specific diagnosis of infective disorders.

IMMUNOHISTOCHEMISTRY

    Immunohistochemistry is the application of immunologic techniques to the cellular pathology. The technique is used to detect the status and localisation of particular antigen in the cells by use of specific antibodies which then helps in determining cell lineage specifically, or is used to confirm a specific infection.

Applications of Immunohistochemistry 

1. Tumours of uncertain histogenesis. Immunohistochemical stains for intermediate filaments (keratin, vimentin, desmin, neurofilaments and glial fibillary acidic proteins) expressed by the tumour cells are of immense value besides others listed in Table 1
2. Prognostic markers in cancer

3. Prediction of response to therapy

4. Infections.

TABLE 1: Common Immunohistochemical Stains for Tumours of Uncertain Origin.

               TUMOUR                                  IMMUNOSTAIN
	1.
	Epithelial tumours
(Carcinomas)
	i)
	Pankeratin

	
	
	ii)
	Epithelial membrane antigen (EMA)

	
	
	iii)
	Carcinoembryonic antigen (CEA)

	
	
	iv)
	Neuron-specific enolase (NSE)

	2.
	Mesenchymal
tumours
(Sarcomas)
	i)
	Vimentin (general mesenchymal)

	
	
	ii)
	Desmin (for general myogenic)

	
	
	iii)
	Muscle specific actin
(for general myogenic)

	
	
	iv)
	Myoglobin (for skeletal myogenic)

	
	
	v)
	α-1 -anti-chymotrypsin

(for malignant fibrous histiocytoma)

	
	
	vi)
	Factor VIII (for vascular tumours)

	3.
	Special groups
a)  Melanoma
	i)
	Vimentin

	
	
	ii)
	S-100

	
	
	iii)
	HMB-45 (most specific)

	
	b)  Lymphoma
c)  Neural and
neuroendocrine
tumours
	i)
	Leucocyte common antigen
(LCA/CD45)

	
	
	ii)
	Pan-B

	
	
	iii)
	Pan-T

	
	
	iv)
	RS cell marker (for Hodgkin's)

	
	
	i)
	Neurofilaments (NF)

	
	
	ii)
	NSE

	
	
	iii)
	GFAP (for glial tumours)

	
	
	iv)
	Chromogranin (for neuroendocrine)

	
	
	v)
	Synaptophysin


ELECTRON MICROSCOPY
    Electron microscope (EM) first developed in 1930s in Germany has undergone modifications so as to add extensive new knowledge to our understanding the structure and function of normal and diseased cells at the level of cellorganelles:

1. In renal pathology in conjunction with light microscopy and immunofluorescence, 2. ultrastructure of tumours of uncertain histogenesis, 3. subcellular study of macrophages in storage diseases, and 4. for research purposes.

    There are two main types of EM:

1. Transmission electron microscope (ТЕМ).The magnification obtained by ТЕМ is 2,000 to 10,000 times.

2. Scanning electron microscope (SEM). SEM scans the cell surface architecture and provides three-dimensional image. For example, for viewing the podocytes in renal glomerulus.

Some of the relevant salient technical considerations pertaining to EM are: 1.   Whenever it is planned to undertake EM examination of tissue, small thin piece of tissue not more than 1 mm thick should be fixed in 2-4% buffered glutaraldehyde. 2. Tissue is plastic-embedded with resin on grid. 3. First, semithin sections are cut at a thickness of 1 |xm and stained with methylene blue or toluidine blue.4. For ultrastructural examination, ultrathin sections are cut by use of diamond knife.

CYTOGENETICS
    Human somatic cells are diploid and contain 46 chromosomes: 22 pairs of autosomes and one pair of sex chromosomes (XX in the case of female and XY in the males). Gametes (sperm and ova) contain 23 chromosomes and are called haploid cells. All ova contain 23X while sperms contain 23X or 23Y chromosomes. Thus the sex of the offspring is determined by paternal chromo​somal contribution i.e. if the ovum is fertilised by X-bearing sperm, female zygote results, while an ovum fertilised by Y-bearing sperm forms male zygote. Karyotype is defined as the sequence of chromosomal alignment on the basis of size, centromeric location and banding pattern. Determination of karyotype of an individual is an important tool in cytogenetic analysis. Broad outlines of karyotyping are as under:

1. Cell selection. Cells capable of growth and division are selected for cytogenetic analysis. These include: cells from amniotic fluid, chorionic villus sampling (CVS), peripheral blood lymphocytes, bone marrow, lymph node, solid tumours etc.

2. Cell culture. The sample so obtained is cultured in mitogen media. A mitogen is a substance which induces mitosis in the cells e.g.  PPD, phytohaemagglutinin (PHA), pokeweed mitogen (PWM) etc. The dividing cells are then arrested in metaphase.

3. Staining/banding. When stained, the chromosomes have the property of forming alternating dark and light bands. For this purpose, the fixed metaphase preparation is stained by one of the following banding techniques:

a) Giemsa banding or G-banding, b) quinacrine banding or Q-banding, c) constitutive banding or C-banding, and d) reverse staining Giemsa banding or R-banding.

4. Microscopic analysis. Chromosomes are then photographed by examining the preparation under the microscope. From the photograph, chromosomes are cut and then arranged according to their size, centromeric location and banding patterns.

Applications 
Karyotyping is employed for:

i) Chromosomal numerical abnormalities, ii) chromosome structural abnormalities, and iii) cancer.

MOLECULAR PATHOLOGY

    These techniques detect abnormalities at the level of DNA or RNA of the cell.

1. IN SITU HYBRIDISATION. In situ hybridisation (ISH) is a molecular hybridisation technique which allows localisation of nucleic acid sequence directly in the intact cell (i.e. in situ) without DNA extraction. Its applications are:

i) In viral infections e.g. HPV, EBV, HIV, CMV, HCV etc. ii) In human tumours for detection of gene expression and oncogenes. iii) In chromosomal disorders, particularly by use of fluorescent  in situ hybridisation (FISH).

2. FILTER HYBRIDISATION. In this method, target DNA or RNA is extracted from the tissue, and analysed by

i) Slot and dot blots, ii) southern blot, iii) northern blot, and iv) Western blot.

    These techniques have widespread applications in diagnostic pathology e.g.: i) In neoplasia, ii) in infectious diseases, iii) in inherited genetic diseases, and iv) In identity determination.

3. POLYMERASE CHAIN REACTION. The technique is based on the principle that a single strand of DNA has limitless capacity to duplicate itself to form millions of copies. In PCR, a single strand of DNA generates another by DNA polymerase using a short complementary DNA fragment; this is done using a primer which acts as an initiating template.

    A cycle of PCR consists of three steps:

i) Heat denaturation of DNA (at 94°C for 60-90 seconds).

ii) Annealing of the primers to their complementary sequences (at 55°C for 30-120 seconds).

iii) Extension of the annealed primers with DNA polymerase (at 72°C for 60-180 seconds).

    Repeated cycling can be done in automated thermal cycler and yields large accumulation of the target sequence.

    PCR analysis has the same applications as forfilter hybridisation techniques and has many advantages over them in being more rapid, can be automated by thermal cyclers and a need for low level of starting DNA/RNA. However, PCR suffers from the risk of contamination.

FLOW CYTOMETRY

    Flow cytometry is a more recent tool in the study of properties of cells suspended in a single moving stream.

    Flow cytometer has a laser-light source for fluorescence, cell transportation system in a single stream, monochromatic filters, lenses, mirrors and a computer for data analysis. Flow cytometer acts like a cell sorter to physically sort out cells from liquid suspension flowing in a single-file.

    Currently, flow cytometric analysis finds uses in clinical practice in: 1. Immunophenotyping, 2. diagnosis and prognostication of immunodeficiency, 3. to diagnose the cause of allograft rejection   in renal transplantation, 4. diagnosis of autoantibodies, 5. measurement of nucleic acid content, and 6. DNA ploidy studies.

OTHER METHODS FOR CELL PROLIFERATION ANALYSIS
    Besides flow cytometry, the degree of proliferation of cells in tumours can be determined by various other methods. These include the following: 1. Mitotic count, 2. radioautography, 3. microspectrophotometric analysis, 4. Immunohistochemistry. Ki-67, Ki-S1, and cyclins, and 5.nucleolar organiser region (NOR).

COMPUTERS IN PATHOLOGY LABORATORY
    It is, imperative that a modern pathology laboratory has laboratory information system (LIS) which should be ideally connected to hospital information system (HIS).

LIS includes: computer system, speech recognition system and image analysis system.

There are two main purposes of having computers in the laboratory:

■  for the billing of patients' investigations; and

■  for reporting of results of tests in numeric, narrative and graphic format.

     Application of computers in the pathology laboratory has several advantages as under:

1. The laboratory as well as the hospital staff have access to information pertaining to the patient which helps in improving patientcare.

2. The turn-around time of any test is shortened.

3. It improves productivity of laboratory staff at all levels.

4. Coding and indexing of results and data of different tests is possible.

5. For research purposes and getting accredition so as to get grants.

    SPEECH RECOGNITION SYSTEM. Computer systems are now available which can recognise and transform spoken words of gross and microscopic description of reports through dictaphone into text.

    IMAGE ANALYSERS. Image analyser is a form of computer that can capture image formed by microscopic viewing of slide and transform it into digital image which can be used for

1. Morphometric studies of cells.

2. Quantitative nuclear DNA ploidy measurement.

3. Evaluation of immunohistochemical staining quantitatively.

4. Storage and retrieval of laboratory data.

The concept of 'tele-pathology' instantaneously moves information on pathology work and also pass relevant literature on-line from one place to another far off place through internet information superhighway.

cDNA MICROARRAYS ANALYSIS. This is the latest application of silicon chip technology for simultaneous analysis of large volume of data pertaining to human genes for molecular profiling of tumours.

NOTE.
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LESSON №2
TOPIC: THE NORMAL CELL STRUCTURE. CELL INJURY. DYSTROPHYES. PARENCHYMATOUSE DYSTROPHYES.
I.  CELL MEMBRANE
    Electron microscopy has shown that cell membrane or plasma membrane has a trilaminar structure having a total thickness of about 7.5 nm and is known as unit membrane. Biochemically, the cell membrane is composed of complex mixture of phospholipids, glycolipids, cholesterol, proteins and carbohydrates. Proteins and glycoproteins of the cell membrane may act as antigens (e.g. blood group antigens), or may form receptors (e.g. for viruses, bacterial products, hormones, immunoglobulins and many enzymes). Bundle of micro​filaments along with cytoplasm and protein of cell membrane may form projections on the surface of the cell called microvilli.
II.  NUCLEUS 
    The outer layer of the nuclear membrane is studded with ribosomes and is continuous with endoplasmic reticulum.
    The main substance of the nucleus is comprised by the nuclear chromatin which is in the form of shorter pieces of thread-like structures called chromosomes of which there are 23 pairs (46 chromosomes) together measuring about a metre in length in a human diploid cell. Of these, there are 22 pairs (44 chromosomes) of autosomes and one pair of sex chromosomes, either XX (female) or XY (male). Each chromosome is composed of two chromatids connected at the centromere to form 'X' configuration having variation in location of the centromere. Depending upon the length of chromosomes and centromeric location, 46 chromosomes are categorised into 7 groups from A to G according to Denver classification (adopted at a meeting in Denver, USA).

    Chromosomes are composed of 3 components: deoxyribonucleic acid (DNA) comprising about 20%, ribonucleic acid (RNA) about 10%, and the remaining 70% consists of nuclear proteins that include a number of basic proteins (histones), neutral proteins, and acid proteins. DNA of the cell is largely contained in the nucleus. The only other place in the cell that contains small amount of DNA is mitochondria. During cell division, one half of DNA molecule acts as a template for the manufacture of the other half by the enzyme, DNA polymerase, so that the genetic characteristics are transmitted to the next progeny of cells (replication).

    The DNA molecule as proposed by Watson and Crick in 1953 consists of two complementary polypeptide chains forming a double helical strand which is wound spirally around an axis composed of pentose sugar-phosphoric acid chains. The molecule is spirally twisted in a ladder-like pattern the steps of which are composed of 4 nucleotide bases: two purines (adenine and guanine i.e. A and G) andhvopyrimidines (cytosine and thymine i.e. C and T); however, A pairs specifically with T while G pairs with C. The sequence of these nucleotide base pairs in the chain, of which there are thousands, determines the information contained in the DNA molecule or constitutes the genetic code.

In the interphase nucleus (i.e. between mitosis), part of the chromatin that remains relatively inert metabolically and appears deeply basophilic due to condensation of chromosomes is called heterochromatin, while the part of chromatin that is lightly stained or vesicular due to dispersed chromatin is called euchromatin.The nucleus may contain one or more nucleoli which are the site of synthesis of ribosomal RNA.

III. CYTOSOL AND ORGANELLES 
    The cytosol or the cytoplasm is the gel-like ground substance in which the organelles of the cells are suspended.

1. CYTOSKELETON. Microfilaments, intermediate filaments, and micro​tubules are responsible for maintaining cellular form and movement and are collectively referred to as cytoskeleton.

i) Microfilaments are long filamentous structures having a diameter of 6-8 nm. They are composed of contractile proteins, actin and myosin. ii)   Intermediate filaments are filamentous structures, 10 nm in diameter, and are cytoplasmic constituent of a number of cell types. They are composed of proteins. There are 5 principal types of intermediate filaments:

a) Cytokeratin (found in epithelial cells).

b) Desmin (found in skeletal, smooth and cardiac muscle).

c) Vimentin (found in cells of mesenchymal origin).

d) Glial fibrillary acidic protein (present in astrocytes and ependymal cells).

e) Neurofilaments (seen in neurons of central and peripheral nervous system). Hi) Microtubules are long hollow tubular structures about 25 nm in diameter. They are composed of protein, tubulin. Cilia and flagella which project from the surface of cell are composed of microtubules enclosed by plasma membrane and are active in locomotion of the cells.

2. MITOCHONDRIA.    Mitochondria are oval structures and are more numerous in metabolically active cells. They are enveloped by two layers of membrane—the outer smooth and the inner folded into incompete septa or sheaf-like ridges called  cristae. The matrix of the mitochondria contains enzymes required in the Krebs' cycle by which the products of carbohydrate, fat and protein metabolism are oxidised to produce energy which is stored in the form of ATP in the lollipop-like globular structures.

3. RIBOSOMES. Ribosomes are spherical particles which contain 80-85% of the cell's RNA. They may be present in the cytosol as 'free' unattached form, or in 'bound' form when they are attached to membrane of endoplasmic reticulum. Ribosomes are the protein-synthesising units.

4. ENDOPLASMIC RETICULUM. Morphologically, there are 2 forms of endoplasmic reticulum: rough or granular, and smooth or agranular.
i) Rough endoplasmic reticulum (RER) is so-called because its outer surface is rough or granular due to attached ribosomes on it. RER is especially well developed in cells active in protein synthesis e.g. Russell bodies of plasma cells, Nissl granules of nerve cells.

ii) Smooth endoplasmic reticulum (SER) is devoid of ribosomes on its surface. SER and RER are generally continuous with each other. SER contains many enzymes which metabolise drugs, steroids, cholesterol, and carbohydrates and partake in muscle contraction.

5. GOLGI APPARATUS OR COMPLEX. The Golgi apparatus or complex is generally located close to the nucleus. The Golgi apparatus is particularly well developed in exocrine glandular cells. Its main functions are synthesis of carbohydrates and complex proteins and packaging of proteins synthesised in the RER into vesicles.

6. LYSOSOMES. Lysosomes are rounded to oval membrane-bound organelles containing powerful lysosomal digestive (hydrolytic) enzymes.

i)   Primary lysosomes or storage vacuoles are formed from the various hydrolytic enzymes synthesised by the RER and packaged in the Golgi apparatus.

ii)  Secondary lysosomes or autophagic vacuoles are formed by fusion of primary lysosomes with the parts of damaged or worn-out cell components.

iii)  Residual bodiesare indigestible materials in the lysosomes e.g. lipofuscin.

IV. INTERCELLULAR JUNCTIONS 
    Plasma membranes of epithelial and endothelial cells, though closely apposed, are separated from each other by 20 nm wide space. These cells communicate across this space through intercellular junctions or junctional complexes visible under electron microscope and are of 4 types: 1. Occluding junctions (Zonula occludens), 2. adhering junctions (Zonula adherens), 3. desmosomes (Macula densa), and 4. gap junctions (Nexus).

MOLECULAR INTERACTIONS BETWEEN CELLS
    All cells in the body, including those in circulation, constantly exchange information with each other. This process is accomplished in the cells by chemical agents, also called as molecular agents or factors.

1. CELL ADHESION MOLECULES (CAMs). These are chemicals which mediate the interaction between cells (cell-cell interaction) as well as between cells and extracellular matrix (cell-ECM interaction).The ECM is the ground substance or matrix of connective tissue which provides environment to the

cells.

There are 5 groups of CAMs:

i) Integrins: They have a role in cell-ECM interactions and in leucocyte endothelial cell interaction.

ii) Cadherins: These are calcium-dependent adhesion molecules which bind adjacent cells together and prevent invasion of ECM by cancer cells. Various types of cadherins include: E-cadherin (epithelial cell), N-cadherin (nerve cell), M-cadherin (muscle cell), P-cadherin (placenta).

iii) Selectins: Their major role is in movement of leucocytes and platelets and develop contact with endothelial cells. Selectins are of 3 types: P-selectin (from platelets, also called CD62), E-selectin (from endothelial cells, also named ECAM), and L-selectin (from leucocytes, also called LCAM).

iv) Immunoglobulin superfamily: These partake in cell-to-cell contact through various other CAMs and cytokines. They have a major role in recognition and binding of immunocompetent cells. This group includes ICAM-1,2 (intercellular adhesion molecule, also called CD54), VCAM (vascular cell adhesion molecule, also named CD106), NCAM (neural cell adhesion molecule). v) CD44: The last group of adhesion molecules is a break away from immunoglobulin superfamily. It is involved in leucocyte-leucocyte-endothelial interactions as well as in cell-ECM interactions.

2. CYTOKINES. These are soluble proteins secreted by haemopoietic and non-haemopoietic cells in response to various stimuli. Their main role is in activation of immune system. Presently, about 50 cytokines have been identified which are grouped in 6 categories:  i) interferons (IFN), ii) interleukins (IL), iii) tumour necrosis factor (TNF, cachectin), iv) transforming growth factor (TGF), v) colony stimulating factor (CSF), and vi) the growth factors e.g. platelet-derived growth factor (PDGF), epidermal growth factor (EGF), fibroblast growth factor (FGF), endothelial-derived growth factor (EDGF).

3. CELL MEMBRANE RECEPTORS. Cell receptors are molecules consisting of proteins, glycoproteins or lipoproteins and may be located on the outer cell membrane, inside the cell, or may be trans-membranous. These receptor molecules are synthesised by the cell itself depending upon their requirement, and thus there may be upregulation ordownregulation of number of receptors. There are 3 main types of receptors:

i) Enzyme-linked receptors: These receptors are involved in control of cell growth e.g. tyrosine kinase associated receptors take part in activation of synthesis and secretion of various hormones.

ii) Ion channels: The activated receptor for ion exchange such as for sodium, potassium and calcium and certain peptide hormones determines inward or outward movement of these molecules.

iii) G-protein receptors: These are trans-membranous receptors and activate phosphorylating enzymes for metabolic and synthetic functions of cells. The activation of adenosine monophosphate-phosphatase cycle (c-AMP) by the G-proteins (guanosine nucleotide binding regulatory proteins) is the most important signal system, also known as 'second messenger' activation.

CELL CYCLE 
    Multiplication of the somatic (mitosis) and germ (meiosis) cells is the most complex of all cell functions. Mitosis is controlled by genes which encode for release of specific proteins molecules that promote or inhibit the process of mitosis at different steps. Mitosis promoting protein molecules are cyclins A, B and E. These cyclins activate cyclin-dependent kinases (CDKs) which act in conjunction with cyclins. After the mitosis is complete, cyclins and CDKs are degraded and the residues of used molecules are taken up by cytoplasmic caretaker proteins, ubiquitin, to the peroxisome for further degradation.

Period between the mitosis is called interphase. The cell cycle is the phase between two consecutive divisions. There are 4 sequential phases in the cell cycle: G, (gap 1) phase, S (synthesis) phase, G2 (gap 2) phase, and M (mitotic) phase. G, (Pre-mitotic gap) phase is the stage when messenger RNAs for the proteins and the proteins themselves required for DNA synthesis (e.g. DNA polymerase) are synthesised. The process is under control of cyclin E and CDKs. S phase involves replication of nuclear DNA. Cyclin A and CDKs control it.
    G2 (Pre-mitotic gap) phase is the short gap phase in which correctness of DNA synthesised is assessed. This stage is promoted by cyclin B and CDKs. M phase is the stage in which process of mitosis to form two daughter cells is completed. This occurs in 4 sequential stages: prophase, metaphase, anaphase, and telophase (i.e. PMAT).

Go phase. The daughter cells may continue to remain in the cell cycle and divide further, or may go out of the cell cycle into resting phase, called Go phase.

ETIOLOGY OF CELL INJURY 
The causes of cell injury, reversible or irreversible, may be broadly classified into two large groups:

A. Genetic causes

B. Acquired causes

Based on underlying agent, the acquired causes of cell injury can be further categorised as under:

1. HYPOXIA AND ISCHAEMIA. Hypoxia is the most common cause of cell injury.

    The most common mechanism of hypoxic cell injury is by reduced supply of blood to cells i.e. ischaemia.

    However, oxygen deprivation of tissues may result from other causes as well e.g. in anaemia, carbon monoxide poisoning, cardiorespiratory insufficiency, and increased demand of tissues.

2. PHYSICAL AGENTS. Physical agents in causation of disease are: mechanical trauma (e.g. road accidents); thermal trauma (e.g. by heat and cold); electricity; radiation (e.g. ultraviolet and ionising); and rapid changes in atmospheric pressure.

3. CHEMICALS AND DRUGS. An ever increasing list of chemical agents and drugs may cause cell injury. Important examples include: chemical poisons such as cyanide, arsenic, mercury; strong acids and alkalis; environmental pollutants; insecticides and pesticides; oxygen at high concentrations; hypertonic glucose and salt; social agents such as alcohol and narcotic drugs; and therapeutic administration of drugs.

4. MICROBIAL AGENTS. Injuries by microbes include infections caused by bacteria, rickettsiae, viruses, fungi, protozoa, metazoa, and other parasites.

5. IMMUNOLOGIC AGENTS. Immunity is a 'double-edged sword'-  protects the host against various injurious agents but it may also turn lethal and cause cell injury e.g. hypersensitivity reactions; anaphylactic reactions; and autoimmune diseases.

6. NUTRITIONAL DERANGEMENTS. A deficiency or an excess of nutrients may result in nutritional imbalances.

7. PSYCHOLOGIC FACTORS. There are no specific biochemical or morphologic changes in common acquired mental diseases due to mental stress, strain, anxiety, overwork and frustration e.g. depression, schizophrenia. However, problems of drug addiction, alcoholism, and smoking result in various organic diseases such as liver damage, chronic bronchitis, lung cancer, peptic ulcer, hypertension, ischaemic heart disease etc.

PATHOGENESIS OF CELL INJURY 

    The following principles apply in pathogenesis of most forms of cell injury by various agents:

1. Type, duration and severity of injurious agent: small dose of chemical toxin or short duration of ischaemia cause reversible cell injury while large dose of the same chemical agent or persistent ischaemia cause cell death.

2. Type, status and adaptability of target cell: e.g. skeletal muscle can withstand hypoxic injury for long time while cardiac muscle suffers irreversible cell injury after 30-60 minutes of persistent ischaemia.

3. Underlying intracellular phenomena: Two essential biochemical phenomena underlie all forms of cell injury to distinguish between reversible and irreversible cell injury:

i)  Inability to reverse mitochondrial dysfunction  by reperfusion or reoxygenation.

ii) Disturbance in membrane function in general, and in plasma membrane in particular.

4. Morphologic consequences: The ultrastructural changes become apparent earlier than the light microscopic alterations.

Pathogenesis of Ischaemic and Hypoxic Injury 
    Ischaemia and hypoxia are common causes of cell injury.

REVERSIBLE CELL INJURY. If the ischaemia or hypoxia is of short duration, the effects are reversible on rapid restoration of circulation e.g. in coronary artery occlusion, myocardial contractility, metabolism and ultrastructure are reversed if the circulation is quickly restored. The sequential changes in reversible cell injury are as under Fig. 2
1. Decreased generation of cellular ATP. ATP in human cell is derived from 2 sources—firstly, by aerobic respiration or oxidative phosphorylation (which requires oxygen) in the mitochondria, and secondly, by anaerobic glycolytic pathway. Ischaemia and hypoxia both limit the supply of oxygen to the cells, thus causing decreased ATP generation from ADP. But in ischae​mia, aerobic respiration as well as glucose availability are both compromised resulting in more severe effects of cell injury. On the other hand, in hypoxia anaerobic glycolytic energy production continues and thus cell injury is less severe. Secondly, highly specialised cells such as myocardium, proximal tubular cells of the kidney, and neurons of the CNS are dependent on aerobic respiration for ATP generation and thus these tissues suffer from ill-effects of ischaemia more severely and rapidly.
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Fig.2 
2. Reduced intracellular pH. Due to low oxygen supply to the cell, aerobic respiration by mitochondria fails first. This is followed by switch to anaerobic glycolytic pathway for the energy (i.e. ATP) requirement. This results in rapid depletion of glycogen and accumulation of lactic acid lowering the intracellular pH. Early fall in intracellular pH (i.e. intracellular acidosis) results in clumping of nuclear chromatin.
3. Damage to plasma membrane sodium pump. Normally, the energy (ATP)-dependent sodium pump (Na+ - K+ ATPase) operating at the plasma membrane allows active transport of sodium out of the cell and diffusion of potassium into the cell. Lowered ATP in the cell and consequent increased ATPase activity interfere with this membrane-regulated process. This results in intracellular accumulation of sodium and diffusion of potassium out of cell. The accumulation of sodium in the cell leads to increase in intracellular water to maintain iso-osmotic conditions (hydropic swelling).

4. Reduced protein synthesis. As a result of continued hypoxia, ribosomes are detached from granular endoplasmic reticulum and polysomes are degraded to monosomes, thus causing reduced protein synthesis.

5. Functional consequences. Reversible cell injury may result in functional disturbances e.g. myocardial contractility ceases within 60 seconds of coronary occlusion but can be reversed if circulation is restored.

6. Ultrastructural changes. Reversible injury to the cell causes the following  ultrastructural changes:

i)  Endoplasmic reticulum: Distension of cisternae by fluid and detachment of  membrane-bound polyribosomes from the surface of RER.

ii)  Mitochondria: Mitochondrial swelling and phospholipid-rich amorphous  densities.

iii) Plasma membrane: Loss of microvilli and focal projections of the cytoplasm   ('blebs').

iv) Myelin figures: These are structures lying in the cytoplasm or present  outside the cell. They are derived from membranes (plasma or organellar) enclosing water and dissociated lipoproteins between the lamellae of injured  membranes.

v)   Nucleolus: There is segregation of granular and fibrillar components of   nucleolus and reduced synthesis of ribosomal RNA 

IRREVERSIBLE CELL INJURY. Persistence of ischaemia or hypoxia results in irreversible changes in structure and function of the cell (cell death).

1. Mitochondrial dysfunction. As a result of continued hypoxia, a large cytosolic influx of Ca++ ions occurs, especially after reperfusion of irreversibly injured cell, which is taken up by mitochondria and is the cause of mitochondrial dysfunction. Morphologically, mitochondrial changes seen are vacuoles in the mitochondria and deposits of amorphous calcium salts in the mitochondrial matrix.

2. Membrane damage. Defect in membrane function in general, and plasma membrane in particular, is the most important event in irreversible cell injury in ischaemia. The mechanisms underlying membrane damage are as under Fig.3: i) Accelerated degradation of membrane phospholipid, ii)cytoskeletal damage, iii) toxic oxygen radicals, iv) break down products of lipid, and v) reperfusion damage.

3. Hydrolytic enzymes. Damage to lysosomal membranes is followed by liberation of hydrolytic enzymes (RNAase, DNAase, proteases, glycosidases, phosphatases, and cathepsin) which on activation cause enzymatic digestion of cellular components and induce the nuclear changes (pyknosis, karyolysis and karyorrhexis) and hence cell death. The dead cell is eventually    [image: image2.jpg]1 Loss of membrane
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Fig. 3
replased by masses of phospholipids called myelin figures which are either phagocytosed by macrophages or there may be formation of calcium soaps.

4. Serum estimation of liberated intracellular enzymes. Liberated enzymes just mentioned leak across the abnormally permeable cell membrane into the serum, the estimation of which may be used as clinical parameters of cell death. For example, in myocardial infarction, estimation of elevated serum glutamic oxaloacetic transaminase (SGOT), lactic dehydrogenase (LDH), isoenzyme of creatine kinase (CK-MB), and more recently cardiac troponins (cTn) are useful guides for death of heart muscle.

Ischaemia-Reperfusion Injury 
    Depending upon the duration of ischaemia/hypoxia, restoration of blood flow may result in the following 3 different consequences:

1. When the period of ischaemia is of short duration, reperfusion with resupply of oxygen restores the structural and functional state of the injured cell i.e. reversible cell injury.

2. When ischaemia is for longer duration, then rather than restoration of structure and function of the cell, reperfusion paradoxically deteriorates the already injured cell. This is termed ischaemia-reperfusion injury. The main proposed mechanism in ischaemia-reperfusion injury is that upon reoxygenation there is increased generation of oxygen free radicals or activated oxygen species (superoxide, H2O2, hydroxyl radicals) from incoming inflammatory cells. Alternatively, during reperfusion activated oxygen species may be generated by adhesion and activation of circulating neutrophils. Besides, ischaemia also damages the cellular antioxidant defense mechanism favouring further accumulation of oxygen free radicals.

3. Longer period of ischaemia may also produce irreversible cell injury during ischaemia itsef without any role of reperfusion.

Free Radical-Mediated Cell Injury 

    Although oxygen is the lifeline of all cells and tissues, its molecular forms as oxygen free radicals (or reactive oxygen intermediates) can be most devastating for the cells. Free radical-mediated cell injury plays an important role in the following situations: i) In ischaemic reperfusion injury, ii) in ionising radiation by causing radiolysis of water, iii) in chemical toxicity, iv) hyperoxia (toxicity due to oxygen therapy), v) cellular aging, vi) killing of exogenous biologic agents, vii) inflammatory damage, viii) destruction of tumour cells, ix) chemical carcinogenesis, and x) atherosclerosis.

    Generation of oxygen free radicals begins within mitochondrial inner membrane when cytochrome oxidase catalyses the four electron reduction of oxygen (O2) to water (H2O). Intermediate between reaction of O2 to H2O, three partially reduced species of oxygen are generated depending upon the number of electrons transferred. These are:

a)  Superoxide oxygen (O2): one electron

b)  Hydrogen peroxide (H2O2): two electrons

c)  Hydroxyl radical (OH-): three electrons.

The three partially reduced intermediate species between O2 to H2O are derived from enzymatic and non-enzymatic reaction as shown in Fig. 4:

The hydroxyl radical is the most reactive species. It may produce membrane damage by lipid peroxidation, protein oxidation, DNA damage and cytoskeletal damage.

ANTI-OXIDANTS. These are endogenous or exogenous substances which inactivate the free radicals e.g. a)  Vitamins E, A and C (ascorbic acid), b)  Sulfhydryl-containing compounds e.g. cysteine and glutathione, c)  Serum proteins e.g. ceruloplasmin and transferrin.
[image: image8.jpg]


Free radicals are formed in physiologic as well as pathologic processes. However, oxygen radicals are basically unstable and are destroyed spontaneously. The net effect of free radical injury in physiologic and disease states, therefore, depends upon the rate of free radical formation and rate of their elimination.

Fig. 4 Pathogenesis of Chemical Injury
Chemicals induce cell injury by one of the following two mechanisms:

DIRECT CYTOTOXIC EFFECTS. The direct cytotoxic damage is usually greatest to cells which are involved in the metabolism of such chemicals e.g. in mercuric chloride poisoning, the greatest damage occurs to cells of the alimentary tract and kidney. Cyanide kills the cell by poisoning mitochondrial cytochrome oxidase thus blocking oxidative phosphorylation.
CONVERSION TO REACTIVE TOXIC METABOLITES. The target cells in this group of chemicals may not be the same cell that metabolised the toxin. Example of cell injury by conversion of reactive metabolites is toxic liver necrosis caused by carbon tetrachloride (CCI4), acetaminophen (commonly used analgesic and antipyretic) and bromobenzene.

Pathogenesis of Physical Injury 
    Radiation injury to human by accidental or therapeutic exposure is of importance in treatment of persons with malignant tumours as well as may have carcinogenic influences. Killing of cells by ionising radiation is the result of direct formation of hydroxyl radicals from radiolysis of water. These hydroxyl radicals damage the cell membrane as well as may interact with DNA of the target cell.

MORPHOLOGY OF CELL INJURY
    Depending upon the severity of cell injury, degree of damage and residual effects on cells and tissue are variable. According to premises, the cell injury includes following pathological processes: i) dystro​phies  ii) necrosis iii) cellular adaptation.
    Dystrophy - a complex pathological process based on abnormality at pathway of a histic (cellular) metabolism and described by quantitative and qualitative disturubances of cell or tissue structure, that leads to structural changes and loss of their functions.
    The causes of a dystrophy can be different and they correspond with causes of cell injury. Morphogenetic mechanisms of the development of parenchymatous dystrophias are stereotyped and so they are reduced to transformation, perverted synthesis, decomposition (phanerosis) and infiltration. 

1. Infiltration- it is penetration of substances into cells or tissues  from the outside where there are lot of them, most frequently form in the epithelium of renal tubule when protein, glucose and so on are exude with urine. (diabetes mellitus, glomerulonephritis)
2. Transformation it is transition of one substance into others, for example in the superfluous use of carbohydrates and proteins they turn into fats and adiposity appears. (fat dystrophy of the liver, obesity)
3. Decomposition is a disintegration of complex substances, for example lipoprotein mem​branes in a cell, in which arise fatty and proteinous dystrophies. (fat dystrophy of the heart due to destructions of mitochondrial membrane in myocardial ischemia)
4. Perverted (unnatural) synthesis is formation of substances which in norm are not being found (for exam​ple an amyloid, Melory bodies in alcoholic hepatitis, multiple [plasma cell] myeloma).
Classification of dystrophies: 

A. According to primary localization of changes: 1. Parenchymatous (endocellular), 2.  Stomal-vascular (mesenchymal, extracellular), 3. Mixed. 
B. According to mainly broken metabolism: 1. Proteinous (dysproteinoses), 2. Fatty (lipidoses), 3. Carbohydrate, 4. Mineral
C. According to development: 1. Acquired, 2. Congenital 
D. According to  prevalence: 1. Local, 2. General.

    Parenchymatous dystrophies are dystrophies in which pathological changes are localized inside the cells of organs parenchyma in high- specialized cells, such as myocardiocytes, hepatocyte, epithelium of renal tubule . They are classified similar to all dystrophies, but by the broken metabolism there are only proteinous, fatty and carbohydrate dystro​phies.
    Proteinous   parenchymatous dystrophies include: hyaline-droplet, 2. hydropic, 3. keratinization dystrophy and 4. congenital form of proteinous parenchymatous dystrophies.
    Hyaline-droplet dystrophy. Hyaline is a descriptive histologic term for glassy, homogeneous, eosinophilic appearance of material in haematoxylin and eosin-stained sections and does not refer to any specific substance. Hyaline change is associated with heterogeneous pathologic conditions and may be intracellular or extracellular. 

INTRACELLULAR HYALINE. Intracellular hyaline is mainly seen in epithelial cells e.g.

1. Hyaline droplets in the proximal tubular epithelial cells in cases of excessive reabsorption of plasma proteins  (glomerulonephritis, nephrotic syndrome).
2. Hyaline degeneration of voluntary muscle, also called Zenker's degeneration, occurs in rectus abdominalis muscle in typhoid fever. The muscle loses its fibrillar staining and becomes glassy and hyaline.

3. Mallory's hyaline represents aggregates of intermediate filaments in the hepatocytes in alcoholic liver cell injury.

4. Nuclear or cytoplasmic hyaline inclusions seen in some viral infections.

5. Russell's bodies representing excessive immunoglobulins in the rough endoplasmic reticulum of the plasma cells (myelomatosis (plasmocytoma, Kahler's disease)).
    The hyaline-dropical  dystrophy is a severe irreversible kind of  dystrophy, it al​ways ends  by coagulation necrosis of cells and decrease or the termina​tion of the organ function. In the kidney it manifests it self  as proteinuria , cylinderuria, in the blood arises hypoproteinemia.

    Hydropic [vacuolar] dystrophy.  This is the commonest and earliest form of cell injury from almost all causes. The common causes of cellular swelling include: bacterial toxins, chemicals, poisons, burns, high fever, intravenous administration of hypertonic glucose or saline etc. At hydropic dystrophias fluid-filled vacuoles are formed in cytoplasm, rarely in a nucleus of a cell. The mechanism of development hydropic dystrophias reflects ab​normalities of protein-hydro electrolytic balance, especially for sodium. The important role in this process belongs to membranes damage and activation of lysosomal hydrolyses. This kind of dystrophy educes in parenchymatous organs and in skin.
    G/A Macroscopically view of organs and tissue variates little. The affected organ such as kidney, liver or heart muscle is enlarged due to swelling. The cut surface bulges outwards and is slightly opaque.

    M/E 1. The cells are swollen and the microvasculature compressed. 2. Small clear vacuoles are seen in the cells and hence the term vacuolar degeneration. These vacuoles represent distended cisternae of the endoplasmic reticulum. If there is a lot of  liquid and it fills in the whole cell superseding a nucleus into periphery, such kind of hydropic [vacuolar] dystrophy is called ballooning degeneration  - especially it is charac​teristic of hepatocytes in a viral hepatites.
    Hydropic [vacuolar] dystrophy is  severe irreversible kind of a dystrophy and it always ends in coagulation necrosis of cells. Except for the liver it happens more often in a ganglionic cells, adre​nal glands,  myocardium .
    Keratinization dystrophy is accumulation of keratin substance where in norm it is not present, or superfluous accumulation of keratin substance where it’s can be in norm (skin). The causes are: i) avitaminosises, ii) developmental anomalies of a skin, iii) viral infection, iv) chronic inflammation. The types  of a  keratinization dystrophy are: 1. hyperkeratosis- it superfluous keratinization on a skin, sometimes it is present as a “skin horn” 2. Ichthyosis- is a congenital hyperkeratosis of skin (the child born with a thick skin similar to the fish scales, usually he dies at once) 3. Leukoplakia is keratinization of mucous membranes covered with squamous cell non-keratinizing epithelium . More often it can be in cervix of the uterus, there can also be in the oesophagus , oral cavity, etc. Leukoplakia is dangerous as it lead to squamous cell carcinoma .

    Congenital form of proteinous parenchymatous dystrophies. Inheritable parenchymatous proteinous dystrophias are caused by abnormality of amino acid metabolism and are submitted by: cystianosis, tyrosinosis, phenyl-pyruvic oligophrenia (phenylketonuria) (Table 2).

	Examples of inherited enzyme deficiency causing abnormal amino acid metabolism

	Disease
	Amino Acids
Affected
	Enzyme
Deficiency
	Inheritance
Pattern
	Clinical
Features

	Phenylketo-
Nuria
	Phenylalanine
	Phenylala-
nine
hydroxylase
	Autosomal
recessive
	Mental retardation;
musty or mousy
odor; eczema; in-
creased plasma
phenylalanine levels

	Hereditary
Tyrosinemia
	Tyrosine
	Hydroxy-
phenylpyru-
vic acid
oxidase
	Autosomal
recessive
	Hepatic cirrhosis,
renal tubular dys-
function; elevated
plasma tyrosine
levels

	Histidinemia
	Histidine
	Histidase
	Autosomal
recessive
	Mental retardation;
speech defect

	Maple syrup
urine disease
(branched-
chain keto-
aciduria;
ketoamino-
acidemia)
	leucine, va-
line, isolcu-
cine
	Branched-
chain kelo-
acid oxidase
	Autosomal
recessive
	Postnatal collapse;
mental retardation;
characteristic maple-
syrup odor in urine

	Hoinocysti-
Nuria
	Methionine,
homocystine
	Cystathi-
onine syn-
thase
	Autosomal
recessive
	Mental retardation;
thromboembolic
phenomena; ectopia
lentis


Table 2.
    Parenchymatous  fatty dystrophies. The development of fatty dystrophies is based on the mechanism of destruction of endaceilular organdies membranes by increased transport of triglycerides or fatty acids to affected cells, decreased mobilization of fat, decreased use of fat, overproduction of fat in cells occurs in chronic hypoxic states. This mechanism was named decomposition (phanerosis). Contractility of myocardium decreases. Fatty dystrophy of myocardium is considered morphological substrate of heart decompensation. The heart becomes flabby and shows diffuse yellow discoloration; myocardial failure commonly follows. The general  causes of parenchymatous  fatty dystrophies are: 1. The hypoxia is the common cause, especially in such diseases as а) anemias, b) diseases of  the heart, c) lung diseases 2. Infections and intoxications, especially alcohol intoxication 3. Ireegular diet and avitaminoses. 

    The main clinical value has fatty dystrophia of the liver. Liver is the commonest site for accumulation of fat because it plays central role in fat metabolism. Depending upon the cause and amount of accumulation, fatty change may be mild and reversible, or severe producing irreversible cell injury and cell death.

ETIOLOGY. The common causes of fatty liver include the following: i) Excess alcohol consumption (most common); ii) starvation; iii) malnutrition; iv) obesity; v) diabetes mellitus; vi) chronic illnesses (e.g. tuberculosis); vii) late pregnancy; viii) hypoxia (e.g. anaemia, cardiac failure); ix) hepatotoxins (e.g. carbon tetrachloride, chloroform, ether, aflatoxins and other poisons); x) certain drugs (e.g. administration of oestrogen, steroids, tetracycline etc); andxi) Reye's syndrome.

PATHOGENESIS. Lipids as free acids enter the liver cell from either of the following 2 sources:

a) From diet as chylomicrons (containing triglycerides and phospholipids) and as free fatty acids; and

b) From adipose tissue as free fatty acids.

    Normally, a small part of fatty acids is synthesised from acetate in the liver cells. Most of fatty acid is esterified to triglycerides by the action of α-glycerophosphate and only a small part is changed into cholesterol, phospholipids and ketone bodies. Intracellular triglycerides require 'lipid acceptor protein' to form lipoprotein, the form in which lipids are normally excreted from the liver cells.

    In fatty liver, intracellular accumulation of triglycerides can occur due to defect at one or more of the following 6 steps in the normal fat metabolism as shown in Fig. 5.

    In most cases of fatty liver, one of the above mechanisms is operating. But in the case of liver cell injury by chronic alcoholism, many factors are implicated which includes: increased lipolysis; increased free fatty acid synthesis; decreased triglyceride utilisation; decreased fatty acid oxidation to ketone bodies; and block in lipoprotein excretion.

    An alcoholic who has not developed progressive fibrosis in the form of cirrhosis, the enlarged fatty liver may return to normal if the person becomes teetotaller.

G/A The fatty liver is enlarged with a tense, glistening capsule and rounded margins. The cut surface bulges slightly and is pale-yellow to yellow and is greasy to touch, so-called "goose" liver.
M/E There are numerous lipid vacuoles in the cytoplasm of hepatocytes.

i) The vacuoles are initially small and are present around the nucleus (microvesicular).

ii) But with progression of the process, the vacuoles become larger pushing the nucleus to the periphery of the cells (macrovesicular).

iii) At times, the hepatocytes laden with large lipid vacuoles may rupture and lipid vacuoles coalesce to form fatty cysts.

iv) Infrequently, lipogranulomas may appear consisting of collections of lymphocytes, macrophages, and some multinucleated giant cells. 
v) Fat in the tissue can be demonstrated by frozen section followed by fat stains such as Sudan dyes (Sudan III, IV, Sudan black), oil red  and osmic acid.
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Fig. 5.
    Fatty dystrophies of the heart. Most common cause is chronic hypoxia (ischemic heart diseases, lung diseases, anemias). Morphogenic mechanisms are decompo​sition and infiltration.

G/A The size of heart enlarged, its cavity dilated, myocardium is flabby, yellow col​oured. Ochroleucous striation is visible under the endocardium of ventricles, especial in range of trabeculas and papillary muscles. It may be compared with tiger skin (tiger heart). This striation based on local fatty change of cardiomyocytes.
M/E Small fatty drops, stained by a liposoluble - Sudan-III, in yellow-orange colour is observed in cytoplasm of cardiomyocytes, localized around venuls and veins. Others, neighbour cardiomyocytes, don't contain fatty incorporations. Transversal striation in cytoplasm of cardiomyo​cytes is absent, nucleus are corrugated, intensively painted by hematoxylin, or are turgent and weakly painted (karyolyzis).
    Inheritable (systemic) lipidoses arise owing to inheritable deficiency of enzymes metabolizing fixed kinds of lipids. In dependence on a kind of lipoids collecting in cells distinguish: cerebrosides (Gaucher's disease), sphingomyelinoses (Niemann-Pick disease), gangliosides (Tay-Sachs disease or an amaurotic idiocy), sulphatidoses. Many enzymes, which deficiencies are determined with development of systemic lipoidoses, fall into lysosomic. So series of lipoidoses survey as lysosomic diseases - thesauris​moses or storage (Table 3).

	                Inborn errors of lipid metabolism: Lysosomal (or lipid) storage diseases

	Disease
	Enzyme Defect
	Accumulated Lipid
	Tissues involved

	Tay-Sachs disease
	Hexosaminidase A
	GM2 ganglioside
	Brain, retina

	Gausher's disease.
	B-Glucosidase (glu-cocerebrosidase)
	Glucocerebroside
	Liver, spleen, bone marrow

	Neimann-Pick disease
	Sphingomyelinase
	Sphingomyelin
	Brain, liver, spleen

	Metachromatic leukodystrophy
	Arylsulfatase A
	Sultalide
	Brain, kidney, liver, peripheral nerves

	Fabry's disease
	A-Galactosidase
	Ceramide trihexoside
	Skin, kidney

	Krabbe's disease
	Galactosylceramidase
	Galaclocerebroside
	Brain


Table 3
 The most often systemic lipidose is Niemann-Pick Disease.

    It is also an autosomal recessive disorder characterised by accumulation of sphingomyelin and cholesterol. Majority of the cases (about 80%) have deficiency of sphingomyelinase which is required for cleavage of sphingo​myelin, while a few cases probably result from deficiency of an activator protein.

    The condition presents in infancy and is characterised by hepatosplenomegaly, lymphadenopathy and physical and mental underdevelopment.
M/E Shows storage of sphingomyelin and cholesterol within the lysosomes, particularly in the cells of mononuclear phagocyte system. The cells of Niemann-Pick disease are somewhat smaller than Gaucher cells and their cytoplasm is not wrinkled but is instead foamy and vacuolated which stains positively with fat stains.
Gaucher's Disease 

This is an autosomal recessive disorder in which there is deficiency of lysosomal enzyme, glucocerebrosidase, which normally cleaves glucose from ceramide. This results in lysosomal accumulation of glucocerebroside (ceramide-glucose) in phagocytic cells of the body and sometimes in the neurons.

Clinically, 3 subtypes of Gaucher's disease are identified:

■ Type I or classic form is the adult form of disease in which there is storage of glucocerebrosides in the phagocytic cells of the body, principally involving the spleen, liver, bone marrow, and lymph nodes.

■ Type II is the infantile form in which there is progressive involvement of the central nervous system.

■ Type III is the juvenile form of the disease having features in between type I and type II i.e. they have systemic involvement like in type I and progressive involvement of the CNS as in type II.

M/E Shows large number of characteristically distended and enlarged macrophages called Gaucher cells which are found in the spleen, liver, bone marrow and lymph nodes, and in the case of neuronal involvement, in the Virchow-Robin space. The cytoplasm of these cells is abundant, granular and fibrillar resembling crumpled tissue paper.
Parenchymatous carbohydrate dystrophies.
  The inheritable carbohydrate dystrophy «glycogenoses» is caused by absence or failure of the enzyme, participating in scission of a deposited glycogen. These are so-called inheritable enzymepaties or storage diseases. 6 types of glycogenoses are well known: Gierke's disease, Pompe's disease, Mc. Ardle's disease, Hers' disease, Cori’s disease and Andersen disease. Morphological diagnostics of a glycogenosis is possi​ble by biopsy with the help of histocnzymochcmichal methods (Table 4).
	
	Glycogen storage diseases

	Type
	Enzyme Defect
	Severity of Disease
	Involved Tissues

	I. Gierke's disease
	Glucose-6-phosphatasc
	Severe

	Liver, kidney, gut

	II. Pompe's disease
	A-1,4-Glucosidase
	Lethal
	Systemic distribution but, heart most affected

	III. Con's disease
	Amylo-1,6-Glucosidase (debranching enzyme)
	Mild
	Systemic distribution; liver commonly affected

	IV. Andersen's disease
	Amylo-1,4-1,6-transglucosidase (branching enzyme)
	Lethal
	Systemic distribution, but liver most affected

	V. McArdle's disease
	Muscle phosphorylase
	Mild
	Skeletal muscle

	VI. Hers’ disease
	Liver phosphorylase
	Mild
	Liver

	VII-XII
	Extremely rare diseases
	Variable
	Variable


 Table 4.
Also, based on pathophysiology, glycogen storage diseases can be divided into 3 main sub
groups:
1. Hepatic forms are characterised by inherited deficiency of hepatic enzymes required for synthesis of glycogen for storage (e.g. von Gierke's disease or type I glycogenosis) or due to lack of hepatic enzymes necessary for breakdown of glycogen into glucose (e.g. type VI glycogenosis).
2. Myopathic forms on the other hand, are those disorders in which there is genetic deficiency of glycolysis to form lactate in the striated muscle resulting in accumulation of glycogen in the muscles (e.g. McArdle's disease or type V glycogenosis, type VII disease).

3. Other forms are those in which glycogen storage does not occur by either hepatic or myopathic mechanisms. In Pompe's disease or type II glycogenosis, there is lysosomal storage of glycogen, while in type IV there is deposition of abnormal metabolites of glycogen in the brain, heart, liver and muscles.
    Parenchymatous carbohydrate dystrophi also can be at diabetes mellitus in the epithelium of renal tubule. Glucose is absorb into epithelium of renal tubules and glycogen is synthesized from it, which when stained with carmine by means of Best technique and appear as red grains.

    The dystrophies connected with abnormality of glucoproteins metabolism are followed by accumulation in cells and intercellular substance of mucins and mucoids designated as mucous or mucoid material (so-called mucous dystrophy).

   The mucous dystrophy may be observed in epithelial tumors such as signet ring cell carcinoma:
M/E Cells of a tumor are characterized by perverted mucous production, produce huge amount of mucilage and perish in it. Cells of tumour are very characteristic: their nucleus is pushed aside to periphery by mucous mass which filling a body of cell (signet ring cell, «cricoid cells»). Sometimes in glandular structures mucoid material (pseudomucins) is collected. They may consoli​date and take character of a colloid. In such cases it is speaken about colloidal dystro​phy, which may be observed, for example, at colloid goiter or colloidal cancer: 
M/E Follicles of thyroid gland sharply dilated, their covering epitheli​um impressed. Cavity of follicles is filled with viscid homogeneous mass of colloid.

    Functional value of mucous dystrophy is great enough, especially if to take into account that it may results in mucous tunic atrophy and sclerosis.
    Inheritable disease mucoviscidosis (fibrocystic disease)  is also based on mucous dystrophy. Change of the mucilage quality, evolved with an epithelium of muciparous glands is typical for it. Last becomes viscid, badly reduced, that promotes formation of mucocele and fibrocysts. This disease damages pancreas, bronchus, alimentary and urinary tracts, cholic ducts, sudoriferous and lacrimal glands.
NOTE.
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LESSON №3
TOPIC: NORMAL STRUCTURE AND FUNCTIONS OF CONECTIVE TISSUE. MESENCHYMAL DYSTROPHIAS (STROMAL-VASCULAR OR INTERSTITIAL TISSUE CHANGES).
    Before discussing about stromal-vascular dystrophies it is nessesary to revise normal structure of connective tissue. 
    Connective tissue consists of cells separated by varying amounts of extracellular substance. In connective tissues cells typically account for only a small fraction of the tissue volume. The extracellular substance consists of fibres which are embedded in ground substance containing tissue fluid. Fibres in connective tissue can be divided into three types: collagen fibres, reticular fibres and elastic fibres.

Extracellular Substance.

    Collagen fibres. Collagen fibres are the dominant fibre type in most connective tissues. The primary function of collagen fibres is to add strength to the connective tissue. The thickness of the fibres varies from ~ 1 µm to 10 µm. Longitudinal striations may be visible in thicker fibres. These striations reveal that the fibres are composed of thinner collagen fibrils (0.2 to 0.5 µm in diameter). Each of these fibrils is composed of microfibrils, which are only visible using electron microscopy.

Microfibrils are assemblies of tropocollagen, which, in turn, is an spiral-like assembly of three collagen molecules (triple helix). The organisation of the tropocollagen within the microfibrils is highly regular. A small gap (60 nm wide) is found between the subsequent tropocollagens forming the microfibrils. Staining solutions used in electron microscopy tend to fill in these gaps, and the alignment of the gaps gives the microfibrils a cross-striated appearance (with 68 nm intervals) in EM images. Coarse collagen fibres are formed by type I tropocollagen. There are many different tropocollagen types around (currently named type I to XX). These types differ in their content of the amino acids hydroxyproline and hydroxylysine. They also differ in the amount of carbohydrates attached to the collagen molecules. The different types of tropocollagen give the fibres the structural and functional features which are appropriate for the organ in which the fibres are found. Types I, II and III are the major fibre-forming tropocollagens. Tropocollagen type IV is an important structural component of the basal lamina. A tensile force of several hundred kg/cm2 is necessary to tear or break human collagen fibres. The fibres stretch by only 15-20%.
  Reticular fibres. Reticular fibres are very delicate and form fine networks instead of thick bundles. They are usually not visible in histological sections but can be demonstrated by using special stains. For example, in silver stained sections reticular fibres look like fine, black threads - coarse collagen fibres appear reddish brown in the same type of preparation. Because of their different staining characteristics, reticular fibres were initially thought to be completely different from collagen fibres. Cross-striations with the same periodicity as in coarse collagen fibres are however visible using electron microscopy. We now know that reticular fibres consist of collagen - although the main type of tropocollagen found in reticular fibres, type III, is different from that of the coarse collagen fibres. Reticular fibres give support to individual cells, for example, in muscle and adipose tissue.
    Elastic fibres Elastic fibres are coloured in fresh tissues - they are light yellow - but this colouration is only visible if large amounts of elastic fibres are present in the tissue, for example, in the elastic ligaments of the vertebral column. Special stains are necessary to show elastic fibres in tissue sections. 
    Resorcin fuchsin is one of these stains, which gives the elastic fibres a dark violet colour. Light microscopy does not reveal any substructure in the elastic fibres. Electron microscopy shows that elastic fibres consist of individual microfibrils, which are embedded in an amorphous matrix. The matrix accounts for about 90% of the fibre and is composed of the protein elastin. Neither the elastin nor the microfibrils are collagens.

   Elastic fibres can be stretched to about 150% of their original length. They resume their original length if the tensile forces applied to the elastic fibres are relaxed.
    Elastin is a somewhat odd protein in that its amino acid sequence does not determine a specific three-dimensional structure of the molecule. Instead, elastin remains unfolded as a "random coil". Elastin molecules are cross-linked to each other by desmosin and isodesmosin links, which are only found between elastin molecules. Tensile forces straighten the cross-linked mesh of elastin coils.

    Ground substance. Ground substance is found in all cavities and clefts between the fibres and cells of connective tissues. Water, salts and other low molecular substances are contained within the ground substance, but its main structural constituent are proteoglycans.
    Proteoglycans are responsible for the highly viscous character of the ground substance. Proteoglycans consist of proteins (~5%) and polysaccharide chains (~95%), which are covalently linked to each other. The polysaccharide chains belong to one of the five types of glycosaminoglycans, which form the bulk of the polysaccharides in the ground substance.
    Hyaluronan (or hyaluronic acid) is the dominant glycosaminoglycan in connective tissues. The molecular weight (MW) of hyaluronic acid is very high (~ MW 1,000,000 ). With a length of about 2.5 µm hyaluronan is very large. Hyaluronan serves as a "backbone" for the assembly of other glycosaminoglycans in connective and skeletal tissue, which results in even larger molecule complexes (MW 30,000,000 - 200,000,000). Hyaluronan is a major component of the synovial fluid and the vitreous body of the eye.
    The remaining four major glycosaminoglycans are chondroitin sulfate, dermatan sulfate, keratan sulfate and heparan sulfate. These glycosaminoglycans attach via core- and link-proteins to a backbone formed by the hyaluronic acid. The coiled arrangement of the hyaluronan and other attached glucosaminoglycans fills a roughly spherical space with a diameter of ~0.5 µm. This space is called a domain. Neighbouring domains overlap and form a more or less continuous three-dimensional molecular sieve in the interstitial spaces of the connective tissues.
    The large polyanionic carbohydrates of the glycosaminoglycans bind large amounts of water and cations. The bound water in the domains forms a medium for the diffusion of substances of low molecular weight such as gases, ions and small molecules, which can take the shortest route, for example, from capillaries to connective tissue cells. Large molecules are excluded from the domains and have to find their way through the spaces between domains.
    The restricted motility of larger molecules in the extracellular space inhibits the spread of microorganisms through the extracellular space. A typical bacterium ( 0.5 x 1 µm) is essentially immobilised in the meshwork formed by the domains. The pathogenicity of a bacterium is indeed to some extent determined by its ability to find its way through the mesh, and some of the more invasive types produce the enzyme hyaluronidase, which depolymerises hyaluronic acid.

    Components of the ground substance, collagen and reticular fibres are synthesised by cells of the connective tissues, the fibrocytes. Elastic fibres are synthesised by both fibrocytes and smooth muscle cells. 

    Connective Tissue Cells

    Connective tissue cells are usually divided into two groups based on their ability to move within the connective tissue. Fibrocytes (or fibroblasts) and fat cells are fixed cells. Macrophages, monocytes, lymphocytes, plasma cells, eosinophils and mast cells are wandering cells. 
    Fibrocytes. Fibrocytes are the most common cell type in connective tissues. They are the "true" connective tissue cells. Usually only their oval, sometimes flattened nuclei are visible in LM sections. The cytoplasm of a resting (i.e. inactive) fibrocyte does not contain many organelles. This situation changes if the fibrocytes are stimulated, for example, by damage to the surrounding tissue. In this case the fibrocyte is transformed into a fibroblast, which contains large amounts of the organelles which are necessary for the synthesis and excretion of proteins needed to repair the tissue damage. Fibrocytes do not usually leave the connective tissue. They are, however, able to perform amoeboid movement. The terms fibrocyte and fibroblast refer here to the inactive and active cells respectively - at times you will see the two terms used as synonyms without regard for the state of activity of the cell.
    Reticular cells. Reticular cells are usually larger than an average fibrocyte. They are the "fibrocytes" of reticular connective tissue and form a network of reticular fibres, for example, in the lymphoid organs. Their nuclei are typically large and lightly stained (H&E) and the cytoplasm may be visible amongst the cells which are housed within the network of reticular fibres. 
    Adipocytes.  Fat cells or adipocytes are fixed cells in loose connective tissue. Their main function is the storage of lipids. If "well fed" the cytoplasm only forms a very narrow rim around a large central lipid droplet. The flattened nucleus may be found in a slightly thickened part of this cytoplasmic rim - if it is present in the section, which may not be the case since the diameter of an adipocyte (up to 100 µm) is considerable larger than the thickness of typical histological sections. A "starving" adipocyte may contain multiple small lipid droplets and gradually comes to resemble a fibrocyte.

    Lipid storage/mobilisation is under nervous (sympathetic) and hormonal (insulin) control. Adipocytes also have an endocrine function - they secrete the protein leptin which provides brain centers which regulate appetite with feedback about the bodies fat reserves. Adipocytes are very long-lived cells. Their number is determined by the number of preadipocytes (or lipoblast) generated during foetal and early postnatal development. 
    Macrophages. Macrophages arise from precursor cells called monocytes. Monocytes originate in the bone marrow from where they are released into the blood stream. They are actively mobile and leave the blood stream to enter connective tissues, where they differentiate into macrophages. Macrophages change their appearance depending on the demand for phagocytotic activity. Resting macrophages may be as numerous as fibrocytes. Resting macrophages are difficult to distinguish from fibrocytes in H&E stained sections.
    Mast cells

    Mast cells are - like macrophages, lymphocytes and eosinophils - in demand when something goes wrong in the connective tissue. Quite a few of them are present in healthy connective tissue as they stand on guard and monitor the local situation. The cytoplasm of mast cells is filled by numerous large vesicles. Mast cells discharge the contents of these vesicles if they come in contact with antigens, for example, proteins on the surface of an invading bacterium or, in allergic reactions, in response to antigens found, for example, on the surface of pollen grains. The most prominent substances contained in the vesicles are heparin and histamine. They increase blood flow in close by vessels and the permeability of the vessel walls to plasma constituents and other white blood cells. By facilitating access to the area, mast cells facilitate an immune response to the antigen which triggered the release histamine and heparin.
    Other connective tissue cells
    Lymphocytes and plasma cells
    Lymphocytes are usually small cells (6 - 8 µm). Their nuclei are round and stain very dark. The cytoplasm forms a narrow rim around the nucleus and may be difficult to see. There are many of them in the connective tissue underlying the epithelia of the gastrointestinal tract but usually much fewer in other connective tissues. Again, this situation may change - in this case with immunological reactions. Some lymphocytes may differentiate into plasma cells. Plasma cells are lymphocytes which produce antibodies. To accommodate the necessary organelles for this function the size of the cytoplasm increases dramatically and the cells become basophilic. Plasma cells can occasionally be spotted in the loose connective tissue present in sections. Like eosinophilic cells and monocytes, lymphocytes are white blood cells.
    Eosinophilic cells
    Eosinophilic cells are typically rounded or oval, large cells, which contain large amounts of bright red granules in their cytoplasm. They originate, like the monocytes, in the bone marrow. They enter connective tissues early in inflammatory reactions, where they phagocytose antigen-antibody complexes. Their numbers in healthy connective tissue vary with location, but a few of them can usually be found.

    Mesenchymal cells
    During development, mesenchymal cells give rise to other cell types of the connective tissue. A small number of them may persist into adulthood. Mesenchymal cells are smaller than fibrocytes and difficult to detect in histological sections. They may regenerate blood vessels or smooth muscle which have been lost as a consequence of tissue damage.

MORPHOLOGY OF MESENCHYMAL DYSTROPHIAS
    Stroma-vascular dystrophy is disbolism in interstitial tissue, i.e. in stroma of or​gans and in walls of blood vessels. There are following kinds of dystrophies (in depend​ence on metabolism abnormality): albuminous (dysproteinoses), fatty (lipidoses) and carbohydrate. Morphogenetic mechanisms of their development are stereotyped. They are: infiltration, transformation, perverted synthesis, decomposition (phanerosis).

  Stroma-vascular dysproteinoses include: 1) mucoid degeneration. 2) fibrinoid degeneration. 3) hyaline change (hyalinosis) and 4) amyloidosis. Frequently three first dysproteinoses: mucoid and fibrinoid degenerations, and also hyalinosis pass one into another, as they can be serial phases of disorganization of interstitial tissue. It is observed at series of diseases, first of all at rheumatic diseases. The leading part in pathogeny of these dystrophies belongs to rise of vascular-histic permeability, caused by immune-mediated vascular damage and marked by deposition of fibrine-like proteinaceous material in arterial walls, which appears smudgy and acidophilic. Amyloidosis differs from these processes in that it is based on the synthesis of abnormal protein-polysaccharide complex.

    Mucoid degeneration represents a superficial reversible phase of interstitial disorganization. Thus there is an accumulation and redistribution of glykosaminoglykans (mucopolysaccharides), particularly of hyaluronic acid in interstitial substance of connective tissue. As a result of this process vascular-histic permeability promotes infiltration and accumulation of protein in interstitial substance. Alcian blue is used for revealing acidic glycosaminoglycans. This stain allows finding them in places of accumulation, due to phenomenon of a metachromasia, i.e. staining acidic glycosaminoglycans in purple. Mucoid degeneration is reversible process, but its development can pass into fibrinoid degeneration. The last is characterized by more penetrating and unreversable disorganization of interstitial tissue, because of destruction of interstitial substance and fibrillar frames of stroma and vessels walls. This process is accompanied by increasing of vascular permeability and formation of spe​cial material of proteinaceous nature «fibrinoid». Development of fibrinoid degeneration is based on two morphogenetic mechanisms: decomposition and infiltration.

    Fibrinoid degeneration is finished by fibrinoid necrosis some times by hyalinosis and  sclerosis. Fibrinoid necrosis is char​acterized by loss of normal structure unci replacement by a homogeneous, bright pink-staining necrotic material that resembles fibrin microscopically. The metachromasia in fibrinoid degeneration is not expressed or very poorly marked , that is explained  by destruction of glycosaminoglycans. Note, howev​er, that fibrinoid is not the same as fibrinous, which denotes deposition of fibrin as occurs in inflammation and blood coagulation. Areas of fibrinoid necrosis contain various amounts of immunoclobullins and complement, albumin, breakdown products of collagen, and fibrin. In outcome of fibrinoid necrosis the hyalinosis may be developed. More often mucoid and fibrinoid degeneration is revealed in valves of the heart at rheumatic diseases, but it can arise in intoxication, an infectious contamination and hypoxia, etc. 

    Hyalinosis is a kind of dysproteinoses when the semi-transparent dense proteinaceous masses similar to the basic substance of hyaline cartilage collect in tissues. The plasmorrhagia, fibrinoid degeneration, necrosis and sclerosis may precede development of hyalinosis. The hylin is a fibrous protein in combination with proteins of a blood plasma, fibrin, cell-bound immune complexes. Hyaline masses are rather resistant to acids, alkalis, enzymes. Sometimes it is stored up in physiological conditions in old people in splenic vessels. The hyalinosis can develop as a result of: а) fibrinoid degeneration, b) plasmatic impregnation, c) a chronic inflammation, d) necrosis and e) sclerosis.
    There are two kinds of hyalinosis: hyalinosis of proper in​terstitial tissue and hyalinosis of vessels walls. Both kinds of hyalinosis may be local and spread (systemic). The systemic hyalinosis arises by means of fibrinoid degeneration and plasmatic impregnation. The local hyalinosis arise as a result of inflammation,  sclerosis and  necrosis.  An example of local hyalinosis of interstitial tissue may be hyaline change of spleen capsule («icing spleen»): the capsule of spleen is irregularly thickened, dense, white colour, glossy, semi-transparent, reminds ap​pearance of glaze for covering cakes. Hyalinosis of vessels: small arterias and arterioles are routinely involved and hyalinosis develops as a result of plasmatic impregnation. The hyalinosis of vessels routinely has systemic character, but the lesions of kidneys, brain, eye retina, pancreas and skin are most typical. The hyalinosis of vessels is especially characteristic of idiopathic and symptomatic hypertension, diabetes and autoimmune diseases. They differentiate 3 kinds of a vascular hylin: 1. Simple 2. lipoid hylin 3. compound  hylin.  Hyalinosis of proper connective tissue develops routinely as a result of degeneration in rheumatic diseases. In most cases an outcome of hyalinosis is unfavorable, but the resorption of hyaline masses (a hyalinosis of breast) is also possible at a lactemia and in keloid [cheloid] cicatrix on the skin.
AMYLOIDOSIS
    Amyloidosis is the term used for a group of diseases characterised by extracellular deposition of fibrillar proteinaceous substance called amyloid having common morphological appearance, staining properties and physical structure but with variable protein (or biochemical) composition.

By light microscopy with H&E staining, amyloid appears as extracellular, homogeneous, structureless and eosinophilic hyaline material, which positive with Congo red staining and shows apple-green birefringence on polarising microscopy.

PHYSICAL AND CHEMICAL NATURE OF AMYLOID.

    It emerges that on the basis of morphology and physical characteristics all forms of amyloid are similar in appearance, but they are chemically heterogeneous. Based on these analysis, amyloid is composed of 2 main types of complex proteins:

   Fibril Proteins 

    By electron microscopy, it became apparent that major component of all forms of amyloid (about 95%) consists of meshwork of fibril proteins. The fibrils are delicate, randomly dispersed, non-branching, each measuring 7.5-10 nm in diameter and having indefinite length. Each fibril is further composed of double helix of two pleated sheets in the form of twin filaments separated by a clear space. By X-ray crystallography and infra-red spectroscopy, the fibrils are shown to have cross-fi-pleated sheet configuration which produces 1000 A0 periodicity that gives the characteristic staining properties of amyloid with Congo red and birefringence under polarizing microscopy. Based on these features amyloid is also referred to as β-fibrillosis.

    Chemically two major forms of amyloid fibril proteins were first identified in 1970s while currently 20 biochemically different proteins are known to form amyloid fibrils.

AL PROTEIN. AL amyloid fibril protein is derived from immunoglobulin light chain, which in most cases includes amino-terminal segment of the immunoglobulin light chain and part of C region. AL fibril protein is more frequently derived from the lambda light chain (γ) than kappa (κ), the former being twice more common. However, in any given case, there is amino acid sequence homology. AL type of fibril protein is produced by immunoglobulin-secreting cells and is therefore seen in association with plasma cell dyscrasias and is seen in primary systemic amyloidosis.
AA PROTEIN. AA fibril protein is composed of protein with molecular weight of 8.5-kD which is derived from larger precursor protein in the serum called SAA (serum amyloid-associated protein) with a molecular weight of 12.5-KD. Unlike AL amyloid, the deposits of AA amyloid do not have sequence homology. In the plasma, SAA circulates in association with HDL3 (high-density lipoprotein). SAA is an acute phase reactant protein synthesized in the liver, its level being high in chronic inflammatory and traumatic conditions. SAA fibril protein is found in secondary amyloidosis which includes the largest group of diseases associated with amyloidosis.
OTHER PROTEINS. Apart from the two major forms of amyloid fibril proteins, I a few other forms of proteins are found in different clinical states: 1. Transthyretin (TTR) is a serum protein synthesized in the liver and transports thyroxine and retinol normally (trans-thy-retin). Single amino acid substitution mutations in the structure of TTR results in variant form of protein   which is responsible for amyloidosis i.e. ATTR. About 60 such mutations have been described. ATTR is the most common form of heredofamilial amyloidosis e.g. in familial amyloid polyneuropathies.
2. Aβ2-microglobulin (Aβ2M) is amyloid seen in cases of long-term haemodialysis (8-10 years). As the name suggests, β2M is a small protein which is a normal component of major histocompatibility complex (MHC) and has p-pleated sheet structure. Although the deposit due to Ap2M may be systemic in distribution, it has predilection for bones and joints.

3. β-amylcid protein (Aβ) is distinct from Aβ2M and is seen in cerebral plaques as well as cerebral blood vessels in Alzheimer's disease.

4. Immunoglobulin heavy chain amyloid (AH) derived from truncated heavy chain of immunoglobulin is an uncommon form of systemic amyloidosis.
5. Amyloid from hormone precursor proteins such as pro-calcitonin, islet amyloid polypeptide, pro-insulin, prolactin, atrial notriuretic factor, and lactoferrin has also been reported in amyloid.

6. Amyloid of prion protein (APrP) is derived from precursor prion protein which is a plasma membrane glycoprotein. Prion proteins are proteinaceous infectious particles lacking in RNA or DNA.

7. Miscellaneous heredofamilial forms of amyloid These include amyloid derived from: apolipoprotein I (AApoAl), gelsolin (Agel), lysozyme (ALys), fibrinogen α-chain (AFib), and cystaiin C (ACys) etc.

Non-fibrillar Components 

    Non-fibrillar components comprise about 5% of the amyloid material. These include the following:

1. Amyloid P (AP)-component synthesised in the liver and is present in all types of amyloid. It is derived from circulating serum amyloid P-component, a glycoprotein resembling the normal serumo-glycoprotein and is PAS-positive. It is structurally related to C-reactive protein, an acute phase reactant, but is not similar to it. By electron microscopy, it has a pentagonal profile (P-component).

2. Apolipoprotein-E (apoE): It is a regulator of lipoprotein metabolism and is found in all types of amyloid.

3. Sulfated glycosaminoglycans (GAGs): These are constituents of matrix proteins; particulary associated is heparan sulfate in all types of tissue amyloid.

4. α-1 anti-chymotrypsin: It is only seen in cases of AA deposits but negative in primary amyloidosis.
5. Protein X: This protein has been   shown to be present in cases of prionoses.

PATHOGENESIS OF AMYLOIDOSIS

Deposition of AL Amyloid 

1. The stimulus for production of AL amyloid is some disorder of immunoglobulin synthesis e.g. multiple myeloma, B cell lymphoma, other plasma cell dyscrasias.

2. Excessive immunoglobulin production is in the form   of monoclonal gammopathy'i.e. there is production of either intact immunoglobulin, or X light chain, or k light chain, or rarely heavy chains.

3. Partial degradation in the form of limited proteolysis of larger protein molecules occurs in macrophages which are anatomically closely associated with AL amyloid.

4.  Non-fibrillar components like AP and GAGs play some role in folding and aggregation of fibril proteins.

Deposition of AA Amyloid 

1. A amyloid is directly related to SAA levels. SAA is a high density lipoprotein the levels of which are elevated in long-standing tissue destruction accompanied by chronic inflammation.

2. SAA is synthesised by the liver in response to cytokines, notably interleukin 1 and 6, from activated macrophages.
3. As in AL amyloid, partial degradation in the form of limited proteolysis takes place in reticuloendothelial cells.

4. In AA amyloid, a significant role is played by another glycoprotein, amyloid enhancing factor (AEF).

5. As in AL amyloid, there is a role oMP component and glycosaminoglycans in the fibril protein aggregation and to protect it from disaggregation again.

CLASSIFICATION OF AMYLOIDOSIS 
With availability of biochemical composition of various forms of amyloid, a biochemical-based clinicopathologic classification is widely accep in table 5. Classification with the count of the affected organs and systems. There are 7 kinds of amyloidosisis : 1) cardiopathic, 2) nephropathic, 3) epinephripathic, 4) neuropathic, 5) hepatopathic, 6) mixed, 7) APUD-  amyloidosisis (arises in organs of APUD - systems because of tumours developing from them ).  According to this classification, amyloidosis can be divided into 2 major categories, each found in distinct clinical settings:
A. SYSTEMIC AMYLOIDOSIS.
1. Primary Systemic (AL) Amyloidosis 
Primary amyloidosis consisting of AL fibril proteins is systemic or generalised in distribution.
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CATEGORY ASSOCIATED DISEASE BIOCHEM.TYPE ORGANS COMMONLY INVOLVED
'SYSTEMIC (GENERALISED) AMYLOIDOSIS
1. Primary Piasma cell dyscrasias ALtype Heart, bowel, skin, nerves, kidney
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Table 5.
    About 30% cases of AL amyloid have some form of plasma cell dyscrasias, most commonly multiple myeloma (in about 10% cases), and less often other monoclonal gammopathies such as Waldenstrom's macroglo-bulinaemia, heavy chain disease, solitary plasmacytoma and nodular malignant lymphoma (B cell lymphoma). The neoplastic plasma cells usually are a single clone and, therefore, produce the same type of immunoglobulin light chain or part of light chain. Almost all cases of multiple myeloma have either A. one light chains (Bence Jones proteins) in the serum and are excreted in the urine. However, in contrast to normal or myeloma light chains, AL is twice more frequently derived from A. light chains. The remaining 70% cases of AL amyloid do not have evident B-cell proliferative disorder or any other associated diseases and are thus cases of true 'primary' (idiopathic) amyloidosis.
    AL amyloid is most prevalent type of systemic amyloidosis in the USA. Primary amyloidosis is often severe in the heart, kidney, bowel, skin, peripheral nerves, respiratory tract, skeletal muscle, and other organs.

Treatment of AL amyloid is targetted at reducing the underlying clonal expansion of plasma cells.

2. Secondary/ Reactive (AA) Systemic Amyloidosis 
    The second form of systemic or generalised amyloidosis is reactive or inflammatory or secondary in which the fibril proteins contain AA amyloid. Secondary or reactive amyloidosis occurs typically as a complication of chronic infectious (e.g. tuberculosis, bronchiectasis, chronic osteomyelitis, chronic pyelonephritis, leprosy, chronic skin infections), non-infectious chronic inflammatory conditions associated with tissue destruction (e.g. autoimmune disorders such as rheumatoid arthritis, inflammatory bowel disease), some tumours (e.g. renal cell carcinoma, Hodgkin's disease) and in familial Mediter​ranean fever, an inherited disorder (discussed below).

    Secondary amyloidosis is typically distributed in solid abdominal viscera like the kidney, liver, spleen and adrenals. Secondary reactive amyloidosis is seen less frequently in developed countries due to containment of infections before they become chronic but this is the most common type of amyloidosis worldwide, particularly in underdeveloped and developing countries of the world.

The contrasting features of the two main forms of systemic amyloidosis are given in Table 6.

3. Haemodialysis-Associated (Aβ2M) Amyloidosis 
    Patients on long-term dialysis for more than 10 years for chronic renal failure may develop systemic amyloidosis derived from p2-microglobulin which is normal component of MHC. The amyloid deposits are preferentially found in the vessel walls at the synovium, joints, tendon sheaths and subchondral bones.

4. Heredofamilial Amyloidosis 
i) Hereditary polyneuropathic (ATTR) amyloidosis. This is an autosomal dominant disorder in which amyloid is deposited in the peripheral and autonomic nerves resulting in muscular weakness, pain and paraesthesia, or may have cardiomyopathy. This type of amyloid is derived from transthyretin (ATTR) with single amino acid substitution in the structure of TTR. II) Familial Mediterranean fever (AA). This is an autosomal recessive disease and is seen in people of Mediterranean region. The condition is characterised by periodic attacks of fever and polyserositis. Amyloidosis occurring in these cases is AA type, suggesting relationship to secondary amyloidosis due to chronic inflammation.

Hi) Rare hereditary forms. Heredofamilial mutations of several normal proteins have been reported.
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Table 6.

B. LOCALISED AMYLOIDOSIS 
    In senile amyloidosisis mainly involves: а) heart, b) brain and c) pancreas. It is so-called Shvarcman’s triad .  
1. Senile cardiac amyloidosis (ATTR). It is seen in 50% of people above the age of 70 years. The deposits are seen in the heart and aorta. The type of amyloid in these cases is ATTR but without any change in the protein structure of TTR.

2. Senile cerebral amyloidosis (Aβ, APrP). It is heterogeneous group of amyloid deposition of varying etiologies that includes sporadic, familial, hereditary and infectious. Some of the important diseases associated with cerebral amyloidosis and the corresponding amyloid proteins are: Alzheimer's disease (Aβ), Down's syndrome (Aβ) and transmissible spongiform encephalopathies (APrP). In Alzheimer's disease, deposit of amyloid is seen as Congophilic angiopathy (amyloid material in the walls of cerebral blood vessels), neurofibrillary tangles and in senile plaques.

3. Endocrine amyloidosis (Hormone precursors). Some endocrine tumours are associated with microscopic deposits of amyloid e.g. in medullary carcinoma of the thyroid (procalcitonin), islet cell tumour of the pancreas (islet amyloid polypeptide), type 2 diabetes mellitus and insulinoma (pro-insulin), pituitary amyloid (prolactin).
4. Localised tumour forming amyloid (AL). Sometimes, isolated tumour like formation of amyloid deposits are seen e.g. in lungs, larynx, skin, urinary bladder, tongue, eye, isolated atrial amyloid. In most of these cases, the amyloid type is AL.

STAINING CHARACTERISTICS OF AMYLOID 

1. STAIN ON GROSS. The oldest method since the time of Virchow for demonstrating amyloid on cut surface of a gross specimen, or on the frozen/

paraffin section is iodine stain. Lugol's iodine imparts purple colour to the amyloid-containing area which on addition of dilute sulfuric acid turns blue. This starch-like property of amyloid is due to AP component, a glycoprotein, present in all forms of amyloid.

2. H & E. Amyloid by light microscopy with haematoxylin and eosin staining appears as extracellular, homogeneous, structureless and eosinophilic hyaline material, especially in relation to blood vessels.

3. METACHROMATIC STAINS (ROSANILINE DYES). Amyloid has the property of metachromasia i.e. the dye reacts with amyloid and undergoes a colour change. Metachromatic stains employed are rosaniline dyes such as methyl violet and crystal violet which impart rose-pink colouration to amyloid deposits.

4. CONGO RED AND POLARISED LIGHT. All types of amyloid have affinity for Congo red stain; therefore this method is used for confirmation of amyloid of all types. The stain may be used on both gross specimens and microscopic sections; amyloid of all types stains red colour. If the stained section is viewed in polarised light, the amyloid characteristically shows apple-green birefringence due to cross-p-pleated sheet configuration of amyloid fibrils.

5. FLUORESCENT STAINS. Fluorescent stain thioflavin-T binds to amyloid and fluoresce yellow under ultraviolet light i.e. amyloid emits secondary fluorescence. Thioflavin-S is less specific.

6. IMMUNOHISTOCHEMISTRY. More recently, type of amyloid can be classified by immunohistochemical stains. Various antibody stains against the specific antigenic protein types of amyloid are commercially available. However, more useful ones are anti-AP for confirmation of presence of amyloid of all types, and anti-AA, and anti-lambda (X) and anti- kappa (k) antibody stains for fibril protein of specific types.

DIAGNOSIS OF AMYLOIDOSIS 
1. BIOPSY EXAMINATION. Histologic examination of biopsy material is the commonest and confirmatory method for diagnosis in a suspected case of amyloidosis. Biopsy of an obviously affected organ is likely to offer the best results e.g. kidney biopsy in a case on dialysis, sural nerve biopsy in familial polyneuropathy. In systemic amyloidosis, renal biopsy provides the best detection rate, but rectel biopsyalso has a good pick up rate. However, gingiva and skin biopsy have poor result. More recently, fine needle aspiration of abdominal subcutaneous fat followed by Congo red staining and polarising microscopic examination for confirmation has become an acceptable simple and useful technique with excellent result.

2. IN VIVO CONGO RED TEST. A known quantity of Congo red dye may be injected intravenously in living patient. If amyloidosis is present, the dye gets bound to amyloid deposits and its levels in blood rapidly decline.

PATHOLOGIC CHANGES IN AMYLOIDOSIS OF ORGANS
    The amyloid in organs is accumulated around  3 structures: 1) in a stroma, 2) in vessels of various caliber, 3) under a basal membrane of glands. In a kidneys, for example, the amyloid is accumulated in: а) glomuluses, b) in  walls of vessels, c) in  basal membrane of tubuli, e) in  stroma. Depending on along what fibers the amyloid is accumulated they distinguish 2 kinds of amyloidosisis: 1) perireticular [parenchymatous] amyloidosis which is formed along reticular fibers, 2) pericollagenous [mesenchimal] amyloidosis ) it is accumulated along collagenic fibers.
Amyloidosis of Kidneys 

Amyloidosis of the kidney accounts for about 20% of deaths from amyloidosis. Even small quantities of amyloid deposits in the glomeruli can cause proteinuria and nephrotic syndrome.

G/A The kidneys may be normal-sized, enlarged or terminally contracted due to ischaemic effect of narrowing of vascular lumina. Cut surface is pale, waxy and translucent.

M/E In the glomeruli, the deposits initially appear on the basement membrane of the glomerular capillaries, but later extend to produce luminal narrowing and distortion of the glomerular capillary tuft. In the tubules, the amyloid deposits likewise begin close to the tubular epithelial basement membrane. The vascular involvement affects chiefly the walls of small arterioles and venules, producing narrowing of their lumina and consequent ischaemic effects.

Amyloidosis of Spleen 
1. SAGO SPLEEN, The splenomegaly is not marked and cut surface shows characteristic translucent pale and waxy nodules resembling sago grains and hence the name.

M/E The amyloid deposits begin in the walls of the arterioles of the white pulp and may subsequently replace the follicles.

2. LARDACEOUS SPLEEN, There is generally moderate to marked spleno​megaly (weight up to 1 kg). Cut surface of the spleen shows map-like areas of amyloid.

M/E The deposits involve the walls of splenic sinuses and the small arteries and in the connective tissue of the red pulp.

Amyloidosis of Liver 

G/A The liver is often enlarged, pale, waxy and firm.

M/E The amyloid initially appears in the space of Oisse. Later, as it increases, it compresses the cords of hepatocytes. However, hepatic function remains normal even at an advanced stage of the disease.

Amyloidosis of Heart 
    Heart is involved in systemic amyloidosis quite commonly, more so in the I  primary than in secondary systemic amyloidosis.
Amyloidosis of Alimentary Tract 

    Involvement of the gastrointestinal tract by amyloidosis may occur at any level ' from the oral cavity to the anus. Rectal and gingival biopsies are the common sites for diagnosis of systemic amyloidosis. The deposits are initially located around the small blood vessels but later may involve adjacent layers of the bowel wall. Tongue may be the site for tumour-forming amyloid, producing macroglossia.
    The progressing amyloidosis is accompanied by replacement of a parenchyma of an organ that leads to chronic failure of organ function.
    Stromal-vascular futty dystrophias arise because of metabolic disturbance of:  1) neutral fats, 2) cholesterin and its ethers. Cholesterin meabolism disturbance manifests itself more often as atherosclerosis which involves large arteries. Metabolic disturbance of neutral fat manifests itself as increase of store of fats in fat depos. It can have the general (spread) and local character. The total increase of neutral fat refers to obesity. Local increase of the quantity of fatty tissue is called lipomatosis. Among them the greatest interest represents Derkum’s disease: (polyglandular endocrinopathy -nodulose painfull adiposities in hypodermic cellulose of extremities and trunks). 
    Classification of an obesitye: 1. by etiology, 2. kinds of obesity, 3. degree of  obesity, 4. morphological changes of futty tissues (variants of an obesity). By etiological principle the obesity can be: а) initial and b) the secondary. Kinds of the secondary obesity are: 1) nutritional (unbalanced diet, a hypodynamia), 2) cerebral (develops in brain injury, tumours of the brain, neuroinfections), 3) endocrine (Cushin, etc.), 4) Ancestral (inheritable). On outward appearance they differentiate: 1) symmetric (general) obesity, 2) the superior type, 3) medium type, 4) the inferior type. By morphological changes of a  fatty tissues there are 2 variants of obesity:  а) hypertrophic variant (lipoblasts enlarged in volume, clinical course is malignant, b) hyperplastic variant (the number of lipoblasts is enlarged, clinical course is benign). Value of obesity: the obesity of heart when fat is accumulated under an epicardium and between muscle fibers invoking(producing) their atrophy is especially dangerous. Patients die from: а) a cardiorrhesis, b) failures of heart. Decrease of a store of fat in a fat depo. It also can have the general (common) and local character. The general decrease quantity of fat is called an exhaustion or a cachexia. The causes of cachexia are: а) nutritional, b) cancer, c) diseases of  pituitary gland (Simons disease), g) cerebral, d) at some diseases, for example tuberculosis. The local loss of fat is called regional lipodystrophy. Necrosis of futty tissues received the name lipogranuloma and ussualy arise in acute pancreatitis. Cellular injury to the pancreatic acini leads to release of powerful enzymes which damage fat by the production of soaps, and these appear grossly as the soft, chalky white areas seen here on the cut surfaces. Microscopically: though the cellular outlines vaguely remain, the fat cells have lost their peripheral nuclei and their cytoplasm has become a pink amorphous mass of necrotic material.
    Mesenchymal carbohydrate dystrophias are caused by disturbance of metabolism of glycoproteins and glycosaminoglycans. The mesenchymal dystrophy caused by disturbance of metabolism of glycoproteins, are called sliming of tissues. Id this case there is a replacement of collagenic fibers by mucoid mass. The cause of sliming: 1) a dysfunction of endocrine glands (myxedema), 2) a cachexia of various genesis. Inheritable disturbance of glycosaminoglycans determines mucopolysaccharidosis. Among them the basic clinical value has gargoylism (lipochondrodystrophy) or Hurler's [Hurler-Pfaundler] syndrome. 

NOTE.
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LESSON №4

TOPIC: MIXED DYSTROPHIAS
    Mixed dystrophies are morphological manifestations of complex protein dysbolism, such as: chromoproteins, lipoproteins, nucleoproteins and minerals. They may be genetically caused and acquired.

    The greatest significance belongs to dysbolism of chromoproteins endogenic pigments which are  divided into 3 groups: 1) hematogenous (i.e. pigments, derivants of a haemoglobin), 2) proteinogenous or tyrosinogenous (derivants of metabolism of thyrosinum), 3) lipidogenous (lipopigment - formed in metabolism of fats.

    Owing to physiological hemolysis in normal organism following hematogenous pigments are formed: a) hemosiderin, b) ferritin, c) bilirubin. And other three pigments can be formed in pathology conditions: a) hematoidin, b) hematins and c) porphyrins.
    Erythrocytes are rapidly broken down in interstitial (issue, and the iron in hemo​globin molecules is ingested by macrophages in the interstitium and converted to hemosiderin. Hemosiderin is formed in cells (sideroblasts). A cell, which produces hemosiderin, is called siderocytes. Cells - macrophages, grasping hemosiderin, are named siderophages. Hemosiderin appears as a brown, granular pigment in the cyto​plasm of macrophages. Hemosiderin may spill over from macrophages to be deposit​ed in intersticium of connective tissue (localized hemosiderosis).
    An increase in the total amount of iron in the body is termed hemosiderosis or hemochromatosis. The excess iron accumulates in macrophages and parenchymal cells as ferritin and hemosiderin and may cause parenchymal cell necrosis.

    Localized hemosiderosis is common in any tissue that is the site of hemorrhage. Hemoglobin is broken down and its iron is deposited locally, either in macrophages or in the connective lissue, in the form of hemosiderin. Localized hemosiderosis has no clinical significance. Fig. 6
Generalized hemosiderosis is less common, occurring with relatively minor iron excess following multiple transfusions, excessive dietary iron, or excess absorption of iron in some hemolytic anemias. The excess iron is deposited as hemosiderin in mac​rophages throughout the body, notably in bone marrow, liver, spleen and lymph nodes. Generalized hemosiderosis can be diagnosed in bone marrow and liver biop​sies and, apart from indicating the presence of iron overload of minor degree, has no clinical significance.
Fig. 6
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    Hemochromatosis is uncommon, occurring both as an idiopathic (inherited) dis​ease and as a secondary phenomenon following major iron overload. The distinction between hemosiderosis and hemochromatosis is somewhat arbitrary, the major dif​ferences being the degree of iron overload and the presence of parenchymal cell dam​age or necrosis in hemochromatosis.
It is postulated that once intracellular storage mechanisms are exhausted, free ferric iron accumulates and undergoes reduction to produce toxic oxygen-based free radicals. The liver, heart, and pancreas are the most severely affected tissues in hemo​chromatosis.
Depositions of hemosiderin are revealed by specific histochemical reaction (reac​tion of Perls), resulted by formatting of special stain - Prussian blue instead of hemosiderine. When a molecule of heme is broken down it becomes polymerized and ferri​tin is formed.
    Hematins are golden-brown granular pigments derived from hemoglobin. Hydro​chloride hematin is formed at ulcerations of stomach mucosa. It accumulates in re​ticuloendothelial cells following massive intravascular hemolysis, such as occurs in incompatible blood transfusions and malaria (hemomelanin or malaria pigment). Although hematin contains iron, the iron is part of an organic complex and is diffi​cult to demonstrate on microscopy (Prussian blue stain for iron is negative). Accu​mulation of hematin produces no clinical effects.
    Bilirubin is the catabolic end product of the porphyrin ring of the hemoglobin molecule; it contains neither iron nor protein. It is formed in the reticuloendothelial system, where senescent erythrocytes are destroyed. Bilirubin is then transported in the plasma to the liver in an unconjugated form, bound to albumin. Unconjugated bilirubin is lipid-soluble. In the liver, bilirubin is conjugated enzymatically with glucuronide to form water-soluble conjugated bilirubin, which is excreted by liver cells into the bile and thence to the intestine. In the intestine, bacterial activity converts bilirubin to urobilinogen.
    An increase in serum bilirubin is called jaundice, or icterus. Jaundice may result from three distinct mechanisms: increased production, decreased excretion by the liver, or bile duct obstruction.

1) Hemolytic jaundice or suprahepatic (increased production) Increased destruc​tion of erythrocytes, if sufficiently severe, overwhelms the capacity of the liver to conjugate bilirubin and results in accumulation of unconjugated bilirubin in serum. It can be in such conditions as  infectious contamination (a sepsis, a malaria, a typhinia), blood diseases (anemia, hemoblastoses), an improper hemotransfusion, etc. Because unconjugated bilirubin is lipid-soluble and bound to albumin in the blood, it is not excreted in the urine (acholuric jaundice).

 2) Hepatocellular jaundice or hepatic (decreased uptake, conjugation, or excretion). Hepatic icterus arises in diseases  of a liver: hepatitis, cirrhosis, cancer. Failures of the liver to take up, conjugate, or excrete bilirubin results in an increase in serum bilirubin. Usually, both conjugated and unconjugated bilirubin levels are ele​vated, the proportions depending on which metabolic failure predominates. Conju​gated, water-soluble bilirubin is commonly present in urine. Urinary urobilinogen levels are usually elevated because liver dysfunction prevents normal uptake and reexcretion of urobilinogen absorbed tram the intestine.

3) Obstructive jaundice or subhepatic (decreased excretion) Biliary tract obstruc​tion results in an accumulation of conjugated bilirubin proximal to the obstruction in the biliary tract and liver (holestasis). Its causes can be stones, cancer of bile ducts, cancer of the head of a pancreas, cancer of Fater's  papilla, metastasises of cancer in lymphonoduses of liver hilus, etc. In a manner not clearly understood, reflux of conjugated bilirubin into the plasma occurs, causing jaundice; some conjugated bilirubin is then excreted in the urine.

The increase in scrum bilirubin leads to deposition of bilirubin in the connective tissue of the skin, scleras, and internal organs. The resulting yellow-green discolora​tion is characteristic of jaundice. No functional abnormality results from bilirubin accumulation in connective tissue.
    Porphyria results from genetic deficiency of one of the enzymes required for the synthesis of haem so that there is excessive production of porphyrins. Porphyrias are broadly of 2 types:

(a) Erythropoietic porphyrias. These have defective synthesis of haem in the erythrocytes. These may be further of 2 subtypes: congenital type, and erythropoietic protoporphyria.

(b) Hepatic porphyrias. These are more common and have a defect in synthesis of haem in the liver. Its further subtypes include acute intermittent porphyria, variegate porphyria hereditary coproporphyria and porphyria cutanea tarda. There is a sharp augmentation of sensitivity to a ultraviolet (photophobia, an erythema, a dermatitis, seams, ulcerations, depigmentation  fields on the skin).
    Melanin, adrenochrom and pigment of enterochromaffinitive cells arc proteinageneous (thyrosinum-triptophanous) pigments.
    Melanin is the brown-black, non-haemoglobin-derived pigment normally present in the hair, skin, choroid of the eye, meninges and adrenal medulla. It is synthesised in the melanocytes and dendritic cells, both of which are present in the basal cells of the epidermis and is stored in the form of cytoplasmic granules in the phagocytic cells called the melanophores, present in the underlying dermis. Melanocytes possess the enzyme tyrosinase necessary for synthesis of melanin from tyrosine.

Various disorders of melanin pigmentation cause generalised and localised hyperpigmentation and hypopigmentation:

i) Generalised hyperpigmentation: e.g. In Addison's disease (This illness arises in bilaterial lesion in a cortex of adrenal gland and in decrease of adrenal hormones, the most common causes of the disease are: а) a tuberculosis (85 %), b) bilateral tumours or metastases of a cancer, c) amyloidosis, d) autoimmune lesion). Chloasma and chronic arsenical poisoning. Congenital systemic accumulation of melanin is typical of pigmentary xeroderma.
ii) Focal hyperpigmentation: e.g. nevuses, melanomas, Cafe-au-lait spots, Peutz-Jeghers synd​rome, melanosis coli, melanotic tumours, lentigo and dermatopathic lymphadenitis.

iii) Generalised hypopigmentation: Albinism is an extreme degree of generalised hypopigmentation in which tyrosinase activity of the melanocytes is genetically defective and no melanin is formed. Albinos have blond hair, poor vision and severe photophobia. They are highly sensitive to sunlight. Chronic sun exposure may lead to precancerous lesions and squamous and basal cell cancers of the skin in such individuals.

iv) Localised hypopigmentation: e.g. leucoderma, vitiligo and acquired focal hypopigmentation from various causes such as leprosy, healing of wounds, DLE, radiation dermatitis etc.

    Lipopigments. This group is composed of: а) lipofuscin, b) lipochrome, c) pigment of deficiency of vitamins, d) ceroid, e) hemofuscin. Lipofuscin (Wear and Tear Pigment) is yellowish-brown intracellular lipid pigment. The pigment is often found in atrophied cells of old age and hence the name 'wear and tear pigment'. It is seen in the myocardial fibres, hepatocytes, Leydig cells of the testes and in neurons in senile dementia.

In the heart muscle, the change is associated with wasting of the muscle and is commonly referred to as 'brown atrophy1.

By electron microscopy, lipofuscin appears as intralysosomal electron-dense granules in perinuclear location. Lipofuscin represents the collection of indigestible material in the lysosomes after intracellular lipid peroxidation and is therefore an example of residual bodies.
  Exogenous pigments

   The most commonly inhaled substances are carbon or coal dust; others are silica or stone dust, iron or iron oxide, asbestos and various other organic substances. These substances may produce occupational lung diseases called pneumoconiosis. Antracosis (i.e. deposition of carbon particles) is seen in almost every adult lung and generally provokes no reaction of tissue injury.

   Ingested Pigments

Chronic ingestion of certain metals may produce pigmentation e.g. argyria, chronic lead poisoning, melanosis coli and carotenaemia.

    Injected Pigments (Tattooing) 

Pigments like India ink, cinnabar and carbon are introduced into the dermis in the process of tattooing where the pigment is taken up by macrophages and lies permanently in the connective tissue.

    Dysbolism of nucleoproteids and minerals is manifested both in parenchyma and in stroma. They may be acquired and inheritable. The greatest significance among them has a gout and dysbolism of calcium, leading to development of calcifications. Process of lithogenesis takes first place among minerals metabolism, especially in urine and bile tracts.

    Gout represents a group of diseases whose main symptoms are due to deposition of urate crystals in connective tissue or uric acid nephrolithiasis and urat infarct. Urate deposition commonly occurs in diseases in which abnormal uric acid metabo​lism causes elevated plasma uric acid levels (hyperuricemia).
    There are three types of gout: primary gout, secondary gout and urate nephrop​athy.
    Primary gout occurs mainly in elderly men and has a strong familial tendency. The basic abnormality in urate metabolism is not known, it has three kinds. At first kind there is an increase in production of uric acid due to increased breakdown of purines, which are synthesized in excessive amounts in the liver.

    At second kind of primary gout, decreased renal clearance of uric acid is the major factor causing hyperuricemia.
    In the remaining kind, hyperuricemia results from a combination of increased urate production and decreased urate excretion in the kidneys.

    Secondary gout occurs in diseases in which excess breakdown of purines leads to increased uric acid synthesis. It is most commonly seen in patients with leukemia-particularly at the start of treatment and nephrocirrhosis, when there is marked cell necrosis, atrophic and sclerotic changes in iiitcrtubularis stroma, releasing nucleic acids that are catabolized to uric acid.

    Two forms of sodium urate crystals may be deposited and produce two clinically distinct types of gout.

    Acute gouty arthritis is caused by deposition of microcrystals of sodium urate in the synovial membranes of joints. Urate microcrystals activate kinins, are chemotac-tic for neutrophils, and produce an intense acute inflammation.

Chronic tophaceous gout is the result of deposition of sodium urate as large amor​phous masses, known as tophi. These evoke chronic - not acute - inflammation. Tophi occur commonly in the cartilage of the ear and around joints. Marked deform​ity may result.

    Acute urate nephropathy occurs with very high serum uric acid levels; urate crys​tals deposited in the tubules cause obstruction. Chronic urate nephropathy occurs with protracted hyperuricemia, resulting in tubulointerstitial inflammation and fi​brosis. Clinically, the manifestations are mild and progression slow.
    Mineral dystrophias.

    Deposition of calcium salts in tissues other than osteoid or enamel is called pathologic or heterotopic calcification. Three distinct types of pathologic calcifica​tion are recognised.
1. Dystrophic calcification, which is characterised by deposition of calcium salts in dead or degenerated tissues with normal calcium metabolism and normal serum calcium levels.

2. Metastatic calcification, on the other hand, occurs in apparently normal tissues and is associated with deranged calcium metabolism and hypercalcaemia.
3. The metabolic calcification (calcium gout, interstitial calcification) may be sys​temic or localizated. It is connected with instability of buffer systems holding calcium balance between blood and intercellular liquor. It is a state of hypersensibility to deposition of calcium salts together with calccfilaxia.
    Also calcification can be: а) the general, b) local.
M/E In routine H and E stained sections, calcium salts appear as deeply basophilic, irregular and granular clumps. Calcium deposits can be confirmed by special stains like silver impregnation method of von-Kossa producing black colour, and alizarin red S that produces red staining.

Etiopathogenesis 

DYSTROPHIC CALCIFICATION. It may occur due to 2 types of causes:

Calcification in dead tissue: e.g. 1. Caseous necrosis in tuberculosis is the most common site for dystrophic calcification, 2. liquefaction necrosis in chronic abscesses, 3. fat necrosis following acute pancreatitis or traumatic fat necrosis in the breast, 4. infarcts, 5. thrombi, especially in the veins, may produce phleboliths, 6.haematomas\n the vicinity of bones, 7. dead parasites like in hydatid cyst, Schistosoma eggs, and cysticercosis, 8. calcification in breast cancer detected by mammography, and 9. congenital toxoplasmosis involving the central nervous system.

Calcification in degenerated tissues: e.g.

1. Dense old scars.

2. Atheromas in the aorta and coronaries.

3. Monckeberg's sclerosis shows calcification in the tunica media of muscular arteries in elderly people.

4. Stroma of tumours such as uterine fibroids, breast cancer, thyroid adenoma, goitre etc show calcification. Some tumours show characteristic spherules of calcification called psammoma bodies or calcospherites such as in meningioma, papillary serous cystadenocarcinoma of the ovary and papillary carcinoma of the thyroid.

5. Cysts which have been present for a long time e.g. epidermal and pilar cysts.

6. Calcinosis cutis in which there are irregular nodular deposits of calcium salts in the skin and subcutaneous tissue.

7. Senile degenerative changes in costal cartilages, tracheal or bronchial cartilages, and pineal gland in the brain etc.

The pathogenesis of dystrophic calcification has been likened to the formation of normal hydroxyapatite in the bone involving 2 phases:

    Initiation is the phase in which calcium and phosphates begin to accumulate intracellular^ in the mitochondria, or extracellularly in membrane-bound vesicles.

    Propagation is the phase in which minerals deposited in the initiation phase are propagated to form mineral crystals.

METASTATIC CALCIFICATION. Since metastatic calcification occurs in normal tissues due to hypercalcaemia, its causes would include one of the following two conditions:

Excessive mobilisation of calcium from the bone: e.g.

1. Hyperparathyroidism
2. Bony destructive lesions such as multiple myeloma, metastatic carcinoma.

3. Prolonged immobilisation of a patient.

Excessive absorption of calcium from the gut: e.g.

1. Hypervitaminosis D results in increased calcium absorption.

2. Milk-alkali syndrome

3. Hypercalcaemia of infancy

Metastatic calcification affects the following organs more commonly:

1. Kidneys, especially at the basement membrane of tubular epithelium and in the tubular lumina causing nephrocalcinosis.

2. Lungs, especially in the alveolar walls.

3. Stomach, on the acid-secreting fundal glands.

4. Blood vessels, especially on the internal elastic lamina.

5. Cornea is another site affected by metastatic calcification.

The pathogenesis of metastatic calcification at the above mentioned sites is based on the hypothesis that these sites have relatively high (alkaline) pH which favours the precipitation of calcium.

The distinguishing features between the two types of pathologic calcification are summarised inTable 7.
    Formation of stones. Stones it is very dense formations  loosely lying in cavitary organs or excretory ducts  of glands. Classification of stones: by a constitution а) crystalloid (radiant), b) colloidal (stratose). By chemical composition gallstones can be: cholesteric, pigmentary, calcareous, cholesteric. Urinary stones can be: urates, phosphates, oxalates, etc. Localization of stones can be various, but more often in urinary system and bile ducts (gallstone). The causes of development are the common factors: disbolism of the congenital or acquired character.

     Local factors: a) disturbance of secretion, b) stagnation of a secret, в) inflammatory processes in organs. The mechanical jaundiceis frequently complication of cholelithiasis. An urolithiasis leads to hydronephrosis.  
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  Table 7 
 Phosphorus dysbolism has important significance among other minerals dysbolism. It developes at hypovitaminosis D (accompanying rachitis), nephrogenic oste​opathy, renal osteodistrophy, hypemtaminosis D.

    Copper is normally transported in the plasma as ceruloplasmin, composed of copper complexed with an A2-globulin, and «free» copper, which is loosely bound to albumin. Normally, copper absorption is balanced by excretion, mainly in bile.

    In Wilson's disease (hepatocerebral dystrophy), excretion of copper into bile is defective and leads to an increase in total body copper, with accumulation of copper in cells. The liver, basal ganglia (the brain, and the cornea (Kayser-Fleischer ring) are the most severely affected tissues.

    Important significance belongs to metabolism of K+ and Na+.

    Electrolyte abnormalities in extracellular fluid are common. Because intracellu​lar fluid adjusts to changes in extracellular fluid to maintain equilibrium, such elec​trolyte imbalances often produce cellular changes, for example - changes in K+ and Ca2+levels impair the function of contractile ceils because they affect the cells' ability to generate action potentials. Changes in the plasma Na+ level cause severe changes in plasma osmolality that may alter the content of intracellular water and cause cell damage. The main effects of changes in plasma osmolality occur in brain cells and are manifested as confusion and altered level of consciousness; death may occur in severe cases.
NOTE.
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

LESSON №5
TOPIC: NECROSIS. APOPTOSIS.GENERAL DEATH.
    Exposure of cells to damage stimuli results in pathological cell death. This may occur via two fundamentally different processes:

· Certain damaging stimuli, particularly those mediated by the immune system and cytokines, cause ceil death by switching on apoptosis. a form of programmed cell death.

· Other types of damaging stimuli impair key cellular systems, causing dysfunc​tion outside an adaptable range, alter which cell death occurs by a process termed necrosis.

    Necrosis is the sum of intracellular degradative reactions occurring after the death of individual cells within a living organism. The necrotic process includes series of stages: 1) paranecrosis- the changes similar to necrotic, but are reversible; 2) necro​biosis- amount of irreversible dystrophic changes; 3) cell death: 4) autolysis- the dissolution of lifeless substratum cells by the activity of proper hydrolytic enzymes of the lysosomes.

    The essence of the metabolic abnormalities, which underlie in destruction of cells and tissues, consists in predominance of catabolic reactions above anabolic, in prev​alence of disintegration above synthesis. This regularity can be revealed at early stag​es of necrotic changes by histochemical and electron microscopy methods that arc used for early diagnostics of necrotic changes.
    Necrotic changes are precisely visible in the autolysis stage. Characteristic chang​es of nucleolus (disappearance), nucleus (karyopyknosis, karyorrhexis, karyolysis) and cytoplasms (coagulation, plasmorrhexis, plasmolysis) are visible in this stage at research by light microscope.

The cell is morphologically normal in early necrosis. There is a delay of 1-3 hours before changes of necrosis become recognizable on electron microscopy and at least 6-8 hours before changes are apparent on light microscopy.

    Nuclear changes are the best evidence of cell necrosis. The chromatin of the dead cell clumps into coarse strands, and the nucleus becomes shrunken, dense, and deep​ly basophilic mass (it stains dark blue with hematoxylin). This process is called pyknosis. The pyknotic nucleus may then break up into numerous small basophilic par​ticles (karyorrhexis) or undergo lysis as a result of the lysosomal deoxyribonucleases action (karyolysis). The nucleus undergoes lysis without a pyknotic stage in rapidly occurring necrosis.

    The cell undergoes necrosis about 6 hours after, its cytoplasm becomes homoge​neous and deeply acidophilic-i.e., it stains pink with an acidic stain such as eosin. This is the first change detectable by light microscopy, and it dues to denaturation of cytoplasmic proteins and losing of ribosomes. When specialized organelles (such as myofibrils in myocardial cells) are present in the cell, they disappear early. Swelling of mitochondria and disruption of organelle membranes cause cytoplasmic vacuola-tion. Finally, enzymatic digestion of the cell by enzymes released by the cells own lysosomes causes lysis (autolysis).

    Different cells show different morphologic changes after they undergo necrosis. Differences reflect variations in cell composition, speed of necrosis, and type of injury.
        CLASSIFICATION OF NECROSIS. According  to etiology, mark out  the following  kinds of  necrosis:  1. Traumatic necrosis (mechanical influence, combustion, frostbite, radiation, etc.). 2. The toxic necrosis arises owing to intoxication, is more often toxines of microbes.  3. Allergic necrosis (for example, phenomenon of Artus, which arises under repeated introduction of antigen, in infectious-allergic and autoimmune diseases). 4. The trophoneurotic necrosis arises in disturbance of activity central and peripheric nervous systems.  5. The vascular necrosis is the most often kind of a necrosis and arises in atherosclerosis, idiopathic hypertensia, diabetes, nodous periarteritis, obliterating endarteritis, etc.  According to pathogeny or  mechanism necrosis can be: 1. Direct necrosis, which arises immediately in connection with  the pathological factor and in the place of its effects (toxic, traumatic),  2. The indirect necrosis - arises indirectly through nervous or vascular systems and on the distance from a place of influence of the pathological factors: (vascular, trophoneurotic, allergic). 
    Following clinicopathologic forms of necrosis are distinguished in dependence on structurally functional features of organs and tissues in which necrosis arises, and on the cause and conditions of its development: coagulative, colliquative (liquefactive), fat necrosis, gangrene, infarction, sequester.

    Coagulative necrosis develops in protein-rich tissues, at inadequate activity hydrolytic enzymes. Macroscopically, the necrozed tissues look as dry, dense, white-gray masses. In this type of necrosis, the necrotic cell retains its cellular outline (usu​ally in several days). The cell, devoid of its nucleus, appears as a mass of coagulated, pink-staining, homogeneous cytoplasm in light microscopy.

Coagulative necrosis typically occurs in solid organs, such as the kidney, heart (myocardium), and adrenal gland, usually as a result of deficient blood supply and anoxia. It is also seen with other types of injury, as an eample, coagulative necrosis of liver cells due to viruses or toxic chemicals, and coagulative necrosis of skin in burns.

    The following morphological forms of coagulative necrosis arc distinguished: fi​brinoid, Zenker's necrosis (wax-like), caseous, and gummatous.
    Fibrinoid necrosis is characterized by loss of normal structure and replacement by homogeneous, bright pink-staining necrotic material that resembles fibrin microscop​ically. Note, however, that fibrinoid is not the same as fibrinous, which denotes depo​sition of fibrin as occurs in inflammation and blood coagulation. Areas of fibrinoid necrosis contain various amounts of immunoglobulins and complement, albumin, breakdown products of collagen, and fibrin. Fibrinoid necrosis is a type of connec​tive tissue necrosis, that can be particularly seen in autoimmune diseases (rheumatic fever, polyarteritis nodosa, and systemic lupus erythematosus). Fibrinoid necrosis of arterioles also occurs in accelerated (malignant) hypertension.

    Caseous (cheese-like) necrosis describes dead tissue that is soft and white, resem​bling cream cheese. Dead cells form an amorphous proteinaceous mass at this type of necrosis but, in contrast to coagulative necrosis, no original architecture can be seen histologically. This pattern is invariably associated with tuberculosis.

    Gummatous necrosis describes dead tissue when it is firm and rubbery. Dead cells form an amorphous proteinaceous mass (like in caseous necrosis) in which no origi​nal architecture can be seen histologically. However, the gummatous pattern is re​stricted to describing necrosis in the spirochetal infection syphilis.

   Liquefactive necrosis is typically seen in the brain following ischemia. Liquefaction of necrotic cells results when lysosomal enzymes released by the necrotic cells cause rapid liquefaction. Lysis of a cell, which results of its own enzymes action is called autolysis. Liquefactive necrosis also occurs during pus formation (suppurative inflam​mation) as a result of the action of proteolytic enzymes released by neutrophils. Cellu​lar lysis by enzymes derived from a source other than the cell itself is called heterolysis.

    Liquefactive necrosis often develops in the brain tissue, which is rich in water. The most common types of damage leading to the liquefactive pattern are necrosis of the brain owing to arterial occlusion (cerebral infarction) and necrosis caused by bacterial infections. Huge lysosomal content in neurons of brain, together with the relative lack of extracellular structural proteins (reticulin and collagen), leads to rap​id loss of tissue architecture and liquefaction when lysosomal enzyme release takes place. In bacterial infection, microorganisms attract neutrophils into the area, which then releases neutrophil hydrolases and causes liquefaction. Larger regional areas of infarction invariably heal as fluid-filled cystic spaces bounded by gliosis. A glial cic​atrix forms replace smaller regional areas of infarction. The most often outcomes of liquefactive necrosis is formation of cyst.
    Fat Necrosis:

1. Enzymatic fat necrosis most characteristically occurs in acute pancreatitis when pancreatic enzymes are liberated from the ducts into surrounding tissue. Pancreatic lipase acts on the triglycerides in fat cells, breaking them down into glycerol and fatty acids, which complex with plasma calcium ions to form calcium soaps. The gross appearance is one of opaque chalky white plaques and nodules in the adipose tissue surrounding the pancreas.

Rarely, pancreatic disease may be associated with entry of lipase into the blood​stream and subsequent widespread fat necrosis throughout the body; the subcutane​ous fat and bone marrow are most affected.
2. Nonenzymatic fat necrosis occurs in the breast, subcutaneous tissue, and ab​domen. Many patients had trauma. Nonenzymatic fat necrosis evokes an inflamma​tory response characterized by numerous foamy macrophages, neutrophils, and lym​phocytes.
    GANGRENE 
    Gangrene is a form of necrosis of tissue with superadded putrefaction. The type of necrosis is usually coagulative due to ischaemia. There are 3 main forms of gangrene:
    Dry Gangrene 
    This form of gangrene begins in the distal part of a limb due to ischaemia. The typical example is the dry gangrene in the toes and feet of an old patient due to arteriosclerosis. Other causes of dry gangrene foot include thromboangiitis obliterans (Buerger's disease), Raynaud's disease, trauma, ergot poisoning. 
G/A The affected part is dry, shrunken and dark black, resembling the foot of a mummy.
M/E There is necrosis with smudging of the tissue. The line of separation consists of inflammatory granulation tissue.
    Wet Gangrene 
    This occurs in naturally moist tissues and organs such as the mouth, bowel, lung, cervix, vulva etc. Diabetic foot is another example of wet gangrene due to high sugar content in the necrosed tissue which favours growth of bacteria. Bed sores occurring in a bed-ridden patient due to pressure on sites like the sacrum, buttocks and heels are the other important clinical conditions included in wet gangrene. Wet gangrene usually develops rapidly due to blockage of venous and less commonly arterial blood flow from thrombosis or embolism.
G/A The affected part is soft, swollen, putrid, rotten and dark. The classic example is gangrene of bowel, commonly due to strangulated hernia, volvulus or intussusception.
M/E There is coagulative necrosis with stuffing of affected part with blood. There is ulceration of the mucosa and intense inflammatory infiltration. Lumen of the bowel contains mucus and blood. The line of demarcation between gangrenous segment and viable bowel is generally not clear-cut.
Contrasting features of two main forms of gangrene are summarised in Table 8.
    Gas Gangrene 
    Gas gangrene is a special form of wet gangrene caused by gas-forming Clostridia (gram-positive anaerobic bacteria) which gain entry into the tissues through open contaminated wounds, especially in the muscles, or as a complication of operation on colon which normally contains Clostridia.
G/A The affected area is swollen, oedematous, painful and crepitant due to accumulation of gas bubbles within the tissues. Subsequently, the affected tissue becomes dark black and foul smelling.
M/E The muscle fibres undergo coagulative necrosis with liquefaction. Large number of gram-positive bacilli can be identified.
	
	FEATURE
	DRY GANGRENE
	WET GANGRENE

	1.
	Site
	Commonly limbs
	More common in bowel

	2.
	Mechanisms
	Arterial occlusion
	More commonly venous obstruction, less often arterial occlusion

	3.
	Macroscopy
	Organ dry, shrunken
and black
	Part moist, soft, swollen,
rotten and dark

	4.
	Putrefaction
	Limited due to very little

blood supply
	Marked due to stuffing of

organ with blood

	5.
	Line of
demarcation
	Present at the junction
between healthy and gangrenous part
	No clear line of
Demarcation

	6.
	Bacteria
	Bacteria fail to survive
	Numerous present

	7.
	Prognosis
	Generally better due to
little septicaemia
	Generally poor due to
profound toxaemia


   Table 8

 Infarction is the development of localized necrosis area in tissue resulting from sudden reduction of its blood supply. The immediate causes of infarction are: pro​longed spasm, thrombosis, embolism of artery and functional overstrain of organ at inadequate blood supply. Development of infarction has two consecutive stages: prenecrotic (ischemic) and necrotic. Three morphological kinds of infarction are dis​tinguished: white (pale, ischemic), white with hemorrhagic aureole and red (hemor​rhagic) infarction.
    Pale (white) infarcts occur as a result of arterial obstruction in solid organs that lack significant collaterial circulation such as heart, kidneys, spleen, and brain. The continuing venous drainage of blood from the ischemic tissue accounts for the pallor of such infarcts.

    Red (or hemorrhagic) infarcts are found in tissues that have double blood supply -e.g., lung and liver - or in tissues such as intestine that have collateral vessels permit​ting some continued flow into area although the amount is not sufficient to prevent infarction. The infarct is red because of extravasation of blood in the infarcted area from necrotic small vessels.

    Red infarcts may also occur in tissue if dissolution or fragmentation of the oc​cluding thrombus permits reestablishment of arterial flow to the infarcted area.

    Infarcts have the triangular or irregular form, which is determined by features of structure of vessels supplying an organ.

    Infarcts in kidney, spleen, and lung are wedge-shaped, with the occluded artery situated near the apex of the wedge and the base of the infarct located on the surface of the organ. The characteristic shape of infarcts in these organs dues to the symmet​ric dichotomous branching pattern of the arteries supplying them.

    The shape of cerebral and myocardial infarcts is irregular and determined by the distribution of the occluded artery and the limits of collateral arterial supply. Intesti​nal infarcts develop in loops of bowel in accordance with the pattern of arterial sup​ply. The most common infarcts of the intestine occur in the small intestine as a result of occlusion of the superior mesenteric artery. More detail about infarctions we’ll disuses in topic “Hemodynamic disorders”.
    Sequester is a sector of dead tissue which is not exposed to autolysis, is not replaced by the connective tissue and freely settles down among living tissues. Sequesters usually arise in bones at the inflammation of marrowbone - an osteomyelitis. Capsule and sequesters cavity filled with pus arc formed around of such sequester. Quite often se​quester leaves the cavity through fistulas. The soft tissues can sequestrate too (for ex​ample, sectors of pulmonary necrosis, bedsore); such sequesters putrefies quickly.
   The outcomes of necrosis: а) encapsulation, b) sclerosis, c) petrification, d) ossification, e) formation of the cyst , f) purulent destractions.
APOPTOSIS 

    Apoptosis is a form of 'coordinated and internally programmed cell death' which is of significance in a variety of physiologic and pathologic conditions. The characteristic morphologic changes in apoptosis as seen in histo​logic and electron microscopic examination are as under:

1. Invol vement of single cells or small clusters of cells in the background of viable cells.

2. Shrinkage of cell with dense cytoplasm and almost-normal organelles.

3. Convolutions of the cell membrane with formation of membrane-bound near-spherical bodies called apoptotic bodies containing compacted organelles.

4. Chromatin condensation around the periphery of nucleus.

5. Characteristically, there is no acute inflammatory reaction.
6.  Phagocytosis of apoptotic bodies by macrophages takes place at varying speed.

    Biochemical Changes
1. Proteolysis of cytoskeletal proteins.

2. Protein-protein cross linking.

3. Fragmentation of nuclear chromatin by activation of nuclease.

4. Appearance of phosphatidylserine on the outer surface of cell membrane.

5. In some forms of apoptosis, appearance of an adhesive glycoprotein thrombospondin on the outer surface of apoptotic bodies.

6. Appearance of phosphatidylserine and thrombospondin on the outer surface of apoptotic cell facilitates early recognition by macrophages for phagocytosis prior to appearance of inflammatory cells.

    Identifying Apoptotic Cells.
1. Staining of chromatin condensation (by haematoxylin, Feulgen, or acridine orange).

2. Flow cytometry to visualise rapid cell shrinkage.

3. DNA changes detected by in situ techniques or by gel electrophoresis.

4. Annexin V as marker for apoptotic cell membrane having phosphatidylserine on the cell exterior.

    MOLECULAR MECHANISMS OF APOPTOSIS. These are shown in Fig. 7. 
1. Initiators of apoptosis. Stimuli for signalling programmed cell death act either at the cell membrane or intracellularly.

i) Absence of stimuli required for normal cell survival (e.g. absence of certain hormones, growth factors, cytokines).

ii) Activators of programmed cell death (e.g. receptors for TNF).

iii) Intracellular stimuli include heat, radiation, hypoxia etc.

2. Regulators of apoptosis. These include the following:

i) BCL-2. BCL-2 protein is a human counterpart of CED-9 (cell death) gene found in programmed cell death of nematode worm C. elegans. BCL-2 is located in the outer mitochondrial membrane and may regulate the apoptotic process by binding to some other related proteins e.g to BAX and BAD for promoting apoptosis, and BCL-XL for inhibiting apoptosis. Another important BCL-2 binding protein in the cytosol is the pro-apoptotic protease activating factor (apaf-1).
ii) Other apoptotic regulator proteins are TP53 (p53) protein, caspases, BAX and certain viruses (adenovirus, papillomavirus, hepatitis B virus).

3. Programmed cell death. The final outcome of apoptotic regulators in the programmed cell death involves the following pathways: i) FAS receptor activation, ii) ceramide generation, and iii) DNA damage.
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Fig. 7

4. Phagocytosis. The dead apoptotic cells and their fragments possess cell surface receptors which facilitate their identification by adjacent phagocytes. The phagocytosis is unaccompanied by any other inflammatory cells.

Apoptosis in Biologic Processes
Physiologic Processes:
1. In sculpting of tissues during development of embryo.
2. Physiologic involution of cells in hormone-dependent tissues e.g. endometrial shedding, regression of lactating breast after withdrawal of breast feeding.

3. Replacement proliferation such as in intestinal epithelium.

4. Involution of the thymus in early age.

Pathologic Processes:
1. Cell death in tumours exposed to chemotherapeutic agents.
2. Cell death by cytotoxic T cells in immune mechanisms such as in graft-versus-host disease and rejection reactions.
3. Cell death in viral infections e.g. formation of Councilman bodies in viral hepatitis.
4. Pathologic atrophy of organs and tissues on withdrawal of stimuli e.g. prostatic atrophy after orchiectomy.
5. Progressive depletion of CD4+T cells in the pathogenesis of AIDS.
6. Cell death in response to injurious agents involved in causation of necrosis e.g. radiation, hypoxia and mild thermal injury.
7. In degenerative diseases of CNS e.g. in Alzheimer's disease, Parkinson's disease, and chronic infective dementias.
The contrasting features of apoptosis and necrosis are summarised in Table 9:
	FEATURE 

	APOPTOSIS
	NECROSIS

	1. Definition

	Programmed and coordinated cell death
	Cell death along with degradation of tissue by hydrolytic enzymes

	2. Causative agents
	Physiologic and pathologic processes
	Hypoxia, toxins

	3. Morphology
	i) No Inflammatory reaction
	i) Inflammatory reaction always present

	
	ii) Death of single cells
	ii) Death of many adjacent cells

	
	iii) Cell shrinkage
	iii) Cell swelling initially

	
	iv) Cytoplasmic blebs
on membrane
	iv) Membrane disruption

	
	v) Apoptotic bodies
	v) Damaged organelles

	
	vi) Chromatin condensation
	vi) Nuclear disruption

	
	vii)   Phagocytosis of
apoptotic bodies by macrophages
	vii) Phagocytosis of cell debris by macrophages

	4. Molecular changes

	i) Lysosomes and other organelles intact
	i) Lysosomal breakdown with liberation of

hydrolytic    enzymes

	
	ii) Genetic activation by

protooncogenes and oncosuppress or genes, and cytotoxic T cell-mediated target

cell killing
	ii) Cell death by ATP depletion,  membrane damage, free radical injury


    Table 9
 GENERAL DEATH it is interruption of vital activity of all organism.  The causes of general death can be:1. Natural (physiological) - owing to old age.  2. Violent (murder, suicide, venenating, accident, etc.). 3. Caused by diseases. If illness diseases not for a long time, it is a sudden death (rupture of aortic aneurysm, acute coronary failure, hematencephalon). With the regard of reversibility of process the death can be:1. Аpparent death 2. Biological death.  Attributes of apparent death: a) apnoea, b) stopping of circulation, c) reversibility of process. Apparent death is based on hypoxia of the brain, and the period of dying is called an agonal period.  Biological death based on irreversible changes, which are leads to corpse changes: 1. Corpse cooling. The speed of a corpse cooling depend on environment temperature. At the first hours after death the temperature can sometimes increase (venenating with Strychninum, tetanus). 2. Drying up. 3. Repartition of the blood. 4. Death spots-occur in sloping parts of a body. 5. The cadaveric spasm (cadaveric rigidity) is a consolidation of muscles because of disintegration of the adenosine triphosphate ATP and accumulations of milk acid.   It begins in 2-5 hours after death from face muscles and descend below, and disappear in 2-3 day in the same sequence.  The cadaveric spasm sometimes sharply expressed, for example under: а) well musculation, b) death caused by tetanus, c) death caused by cholera (a posture of the gladiator), d) venenating with Strychninum. The low temperature delays its appearance, but for a long time maintain it. 6. Putrefaction of a corpse includes: а) corruption, b) cadaveric emphysema (it is accumulation of gases in the tissues ), c) corpse autolysis. 
NOTE.
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LESSON №6
TOPIC: hemodinamic disorders (hyperemia, congestion, bleeding, edema).
    It is a large group of pathological processes caused by disturbances in functioning of the cardiovascular system. All kinds of a circulatory disturbance can be divided into 3 large groups: а) disturbance of blood filling and volume (hyperaemia, congestion, haemorrhage and shock), b) disturbance of permeability of the vessels wall (hemorrhage, plasmorrhagia, lymphorrhagia), c) circulatory disturbances of obstructive nature. These are: thrombosis, embolism, ischaemia and infarction.      Value of disturbance of circulation in development of such clinical syndromes:  а) acute and chronic cardiovascular failure: b) disseminated intravascular clotting- DIC , c) thromboembolic syndrome, d) shock.
    HYPERAEMIA AND CONGESTION 
     Hyperaemia and congestion are the terms used for increased volume of blood within dilated vessels of an organ or tissue; the increased volume from arterial and arteriolar dilatation being referred to ashyperaemia or active hyperaemia, whereas the impaired venous drainage is called venous congestion or passive hyperaemia.
     Active Hyperaemia 
The dilatation of arteries, arterioles and capillaries is effected either through sympathetic neurogenic mechanism or via the release of vasoactive substances. The affected tissue or organ is pink or red in appearance (erythema). 
    It may be physiological and pathological. The physiological active hyperemia can be: а)work- the increased overload of the organ,  b) reflex hyperemia. The pathological arterial hyperemia can be divided into: 1. а) angioneurotic, b) collateral, c) postanemic (in an oncotomy or aspiration of fluid (ascites) from cavities of the organism, d) vacat (under decrease of the barometric pressure), e) inflammatory, f) or it can be because of formation of arteriovenous fistula. More often the arterial hyperemia is benefitial. Sometimes it is complicated by hemorrhages (postanemic) or by gas embolism. The examples of active hyperaemia are:

1. Inflammation e.g. congested vessels in the walls of alveoli in pneumonia.

2. Blushing i.e. flushing of the skin of face in response to emotions.

3. Menopausal flush.

4. Muscular exercise.

5. High grade fever.

    Passive Hyperaemia (Venous Congestion) 
    The dilatation of veins and capillaries due to impaired venous drainage results in passive hyperaemia or venous congestion, commonly referred to as congestion. Congestion may be acute or chronic, the latter being more common and called chronic venous congestion (CVC). The affected tissue or organ is bluish in colour due to accumulation of venous blood (cyanosis). Venous congestion is of 2 types:

   Local venous congestion results from obstruction to the venous outflow from an organ or part of the body e.g. portal venous obstruction in cirrhosis of the liver, outside pressure on the vessel wall as occurs in tight bandage, plasters, tumours, pregnancy, hernia etc, or intraluminal occlusion by thrombosis.

   Systemic (General) venous congestion is engorgement of systemic veins e.g. in left-sided and right-sided heart failure and diseases of the lungs which interfere with pulmonary blood flow like pulmonary fibrosis, emphysema etc. Usually the fluid accumulates upstream to the specific chamber of the heart which is initially affected. For example, in left-sided heart failure (such as due to mechanical overload in aortic stenosis, or due to weakened left ventricular wall as in myocardial infarction) pulmonary congestion results, whereas in right-sided heart failure (such as due to pulmonary stenosis or pulmonary hypertension) systemic venous congestion results.

MORPHOLOGY OF CVC OF ORGANS 
CVC Lung 
    Chronic venous congestion of lung occurs in left heart failure, especially in rheumatic mitral stenosis so that there is consequent rise in pulmonary venous pressure.

G/A The lungs are heavy and firm in consistency. The sectioned surface is dark brown in colour referred to as brown induration of the lungs.

M/E The alveolar septa are widened due to the presence of interstitial oedema as well as due to dilated and congested capillaries. The septa are mildly thickened due to slight increase in fibrous connective tissue. Rupture of dilated and congested capillaries may result in minute intra-alveolar haemorrhages. The breakdown of erythrocytes liberates haemosiderin pigment which is taken

up by alveolar macrophages, so called heart failure cells, present in the alveolar lumina.                                        CVC Liver 
Chronic venous congestion of the liver occurs in right heart failure and sometimes due to occlusion of inferior vena cava and hepatic vein. 
G/A The liver is enlarged and tender and the capsule is tense. Cut surface shows characteristic nutmeg liver due to red and yellow mottled appearance. 
M/E The changes of congestion are more marked in the centrilobular zone due to severe hypoxia than in the peripheral zone. The central veins as well as the adjacent sinusoids are distended and filled with blood. The centrilobular hepatocytes undergo degenerative changes, and eventually centrilobular haemorrhagic necrosis may be seen. Long-standing cases may show fine centrilobular fibrosis and regeneration of hepatocytes, resulting in cardiac cirrhosis. The peripheral zone of the lobule is less severely affected by chronic hypoxia and shows some fatty change in the hepatocytes.

CVC Spleen 
Chronic venous congestion of the spleen occurs in right heart failure and in portal hypertension from cirrhosis of liver.

G/A The spleen in early stage is slightly to moderately enlarged (upto 250 g as compared to normal 150 g), while in long-standing cases there is progres​sive enlargement and may weigh upto 500 to 1000 g. There is cyanotic induration of spleen.

M/E The red pulp shows congestion and marked sinusoidal dilatation with areas of recent and old haemorrhages. These haemorrhages may get orga​nised and form Gamna-Gandy bodies or siderofibrotic nodules which are deposits of haemosiderin pigment and calcium salts on fibrous connective tissue and elastic fibres. The reticulin-network as well as fibrous trabeculae are thickened. The advanced stage seen more commonly in hepatic cirrhosis is called congestive splenomegaly and is the commonest cause of hypersplenism.
    In kidneys appear cyanotic induration of kidneys.
    Stasis is stopping of blood flow in vessels of microcirculation, primarily in capil​laries. The important value in the mechanism of stasis has change of rheological be​havior of a blood. The intracapillary aggregate of erythrocytes goes on, termed -«sludge-phenomenon». A hemolysis and folding of the blood thus miss. Discirculatory changes, bound with influence by the physical and chemical, infectious and tox​ic factors, are reason of stasis. The long-lived stasis in microcirculation of the brain, as, for example, at tropical malaria, can reduce in heavy hypoxia and development of focal necrosises of brain substance.
   BLEEDING is a going out of a blood from a blood vessel or cardiac cavities. The hemorrhages means blood in tissues.  By localization the bleeding can be internal and external. The external bleeding from different sources refer to: а) pneumorrhagia- bleeding from lungs   b) nasal bleeding- epystaxis, c) blood stained vomiting- hematemesis, d) bleeding from uterus- metrorrhagia, e) bleeding from the intestine calls melena. The examples of internal bleeding are: а) hemothorax (the blood collects in a pleural cavity), b) hemopericardium (the blood collects in a cavity of a pericardium, c) hemoperitoneum (the blood collects in an abdominal cavity).  Bleeding can be caused by:  а) rupture of the vessels, b) corrosion (arrosion of the vessels), c) hyperpermeability of the vessels wall (diapedetic bleeding). Arrosive hemorrhage can arise due to: а) purulent inflammation, b) necrosis, c) malignant tumours.  These conditions arise in: а) purulent appendicitis, b) in stomach ulcer, c) in a wall of the caverns (in tuberculosis), d) in carcinoma of the stomach or intestines, e) in ectopic pregnancy. Diapedetic hemorrhage arise more often in such pathological processes as: а) brain concussion, b) arterial hypertension, c) vasculites, d) contagious and infection-allergic diseases, e) diseases of blood system. By morphology the hemorrhages can be: а) hematoma- clump of the clotted blood with destruction of tissue elements, b) hemorrhagic permeating- clump of a blood without destruction of a tissue, c) petechiae (1-2 mm diameter) and purpura (2-10 mm diameter) are small tis​sue hemorrhages. They often have seen in the skin, mucous membranes, or sero​sal surfaces. Ecchymosis is diffuse flat hemorrhage, usually in skin and subcuta​neous tissue.

Purpuras are small areas of haemorrhages (up to 1 cm) into the skin and mucous membrane, whereas petechiae are minute pinhead-sized haemorrhages. The outcomes of hemorrhages are: а) resorption of blood, b) formation of a cyst, c) encapsulation or sclerosis, d) hematic abscess.
ISCHAEMIA 
    Ischaemia is defined as deficient blood supply to part of a tissue. The cessation of blood supply may be complete (complete ischaemia) or partial (partial ischaemia). The harmful effects of ischaemia may result from 3 ways:
1. Hypoxia due to deprivation of oxygen to tissues.
2. Inadequate supply of nutrients to the tissue such as glucose and amino acids.
3. Inadequate clearance of metabolites resulting in accumulation of metabolic waste-products in the affected tissue.
ETIOLOGY. A number of causes may produce ischaemia.
1. Causes in the heart. Inadequate cardiac output resulting from heart block, ventricular arrest and fibrillation may cause hypoxic injury to brain.
a) If the arrest continues for 15 seconds, consciousness is lost.
b) If the condition lasts for more than 4 minutes, irreversible ischaemic damage to brain occurs.
c) If it is prolonged for more than 8 minutes, death is inevitable.
2. Causes in the arteries. The commonest and most important causes of ischaemia are due to obstruction in arterial blood supply. These are:
i) Luminal occlusion such as due to thrombosis, embolism
ii) Causes in the arterial wall such as: vasospasm (e.g. in Raynaud's disease), hypothermia, ergotism, arteriosclerosis, polyarteritis nodosa, thromboangiitis obliterans (Buerger's disease), severed vessel wall
iii) Outside pressure on an artery such as: ligature, tourniquet, tight plaster, bandages, torsion.
iv) As a result of redistribution of a blood (for example, in removal of an ascites, the blood goes in a abdominal cavity, and there is an ischemia in the brain).
3. Causes in the veins. Blockage of venous drainage may lead to engorgement and obstruction to arterial blood supply resulting in ischaemia. The examples include the following:
i) Luminal occlusion such as in: thrombosis of mesenteric veins, cavernous sinus thrombosis
ii) Causes in the vessel wall such as in: varicose veins of the legs
iii) Outside pressure on a vein as in: strangulated hernia, intussusception, volvulus
4.   Causes in the microcirculation. Ischaemia may result from occlusion of arterioles, capillaries and venules. The causes are as under:
i) Luminal occlusion such as: by red cells (e.g. in sickle cell anaemia, red cells parasitised by malaria, acquired haemolytic anaemia, sludging of the blood), by white cells (e.g. in chronic myeloid leukaemia), by fibrin (e.g. defibrination syndrome), by precipitated cryoglobulins, by fat embolism, and in decompression sickness. 

ii) Causes in the microvasculature wall such as: vasculitis e.g. in polyarteritis nodosa, Henoch-Schonlein purpura, Arthus reaction, septicaemia. Frost-bite injuring the wall of small blood vessels. 
iii)  Outside pressure on microvasculature as in: bedsores.
FACTORS DETERMINING THE SEVERITY OF ISCHAEMIC INJURY. The extent of damage produced by ischaemia due to occlusion of arterial or venous blood vessels depends upon a number of factors.
1. Anatomic pattern. There are 4 different patterns of arterial blood supply: i) Single arterial supply without anastomosis. Occlusion of such vessels invariably results in ischaemic necrosis e.g. 
a) Central artery of the retina, b) Interlobular arteries of the kidneys.
ii) Single arterial supply with rich anastomosis. Arterial supply to some organs has rich interarterial anastomoses so that blockage of one vessel can re-establish blood supply bypassing the blocked arterial branch, and hence the infarction is less common in such circumstances e.g.
a) Superior mesenteric artery.
b) Inferior mesenteric artery.
c) Arterial supply to the stomach by 3 separate vessels.
d) Interarterial anastomoses in the 3 main trunks of the coronary arterial system.
iii) Parallel arterial supply. Blood supply to some organs and tissues is such that the vitality of the tissue is maintained by alternative blood supply in case of occlusion of one e.g.
a) Blood supply to brain in the region of circle of Willis.
b) Arterial supply to forearm by radial and ulnar arteries.
iv) Double blood supply. The effect of occlusion of one set of vessels is modified if an organ has dual blood supply e.g.
a) Lungs are perfused by bronchial circulation as well as by pulmonary arterial branches.
a) Liver is supplied by both portal circulation and hepatic arterial flow.
2. General and cardiovascular status. Some of the factors which render the tissues more vulnerable to the effects of ischaemia are:
i) Anaemias (sickle cell anaemia, in particular).
ii) Lowered oxygenation of blood (hypoxaemia).
iii) Senility with marked coronary atherosclerosis.
iv) Cardiac failure.
v) Blood loss.
vi) Shock.
3. Type of tissue affected. The mesenchymal tissues are quite resistant to the effect of ischaemia as compared to parenchymal cells of the organs. The following tissues are more vulnerable to ischaemia:
i) Brain (cerebral cortical neurons, in particular).
ii) Heart (myocardial cells).
iii) Kidney (especially epithelial cells of proximal convoluted tubules).
4. Rapidity of development. Sudden vascular obstruction results in more severe effects of ischaemia than if it is gradual since there is less time for collaterals to develop.
5. Degree of vascular occlusion. Complete vascular obstruction results in more severe ischaemic injury than the partial occlusion.
EFFECTS. 
The effects of ischaemia are variable and range from 'no change' to 'sudden death'.
1. No effects on the tissues, if the collateral channels develop adequately.
2. Functional disturbances. These result when collateral channels are able to supply blood during normal activity but the supply is not adequate to withstand the effect of exertion. The examples are angina pectoris and intermittent claudication.
3. Cellular changes. Partial ischaemia may produce cellular changes such as cloudy swelling, fatty change, atrophy and replacement fibrosis. Infarction results when the deprivation of blood supply is complete so as to cause necrosis of tissue affected.
4. Sudden death from ischaemia is usually myocardial and cerebral infarction.
INTERNAL ENVIRONMENT 
    The mechanism by which the constancy of the internal environment is maintained and ensured is called the homeostasis. For this purpose, living membranes with varying permeabilities such as vascular endothelium and the cell wall play important role in exchange of fluids, electrolytes, nutrients and metabolites across the compartments of body fluids.

    The normal composition of internal environment is as under:

1. WATER. Water is the principal and essential constituent of the body. The total body water in a normal adult male comprises 50-70% (average 60%) of the body weight and about 10% less in a normal adult female (average 50%). The total body water (assuming average of 60%) is distributed into 2 main compartments of body fluids separated from each other by membranes freely permeable to water.

i) Intracellular fluid compartment. This comprises about 33% of the body weight.

ii) Extracellular fluid compartment. This constitutes the remaining 27% of body weight containing water. Included in this are the following 4 subdivisions of extracellular fluid (ECF):

a) Interstitial fluid including lymph fluid constitutes the major proportion of ECF (12% of body weight).

b) Intravascular fluid or blood plasma comprises about 5% of the body weight. Thus plasma content is about 3 litres of fluid out of 5 litres of total blood volume.

c) Mesenchymal tissues such as dense connective tissue, cartilage and bone contain body water that comprises about 9% of the body weight.

d) Transcellular fluid constitutes 1 % of body weight. This is the fluid contained in the secretions of secretory cells of the body.

2. ELECTROLYTES. In the intracellular fluid, the main cations are potas​sium and magnesium and the main anions are phosphates and proteins. It has low concentration of sodium and chloride.

    In the extracellular fluid, the predominant cation is sodium and the principal anions are chloride and bicarbonate. Besides these, a small proportion of non-diffusible proteins and some diffusible nutrients and metabolites such as glucose and urea are present in the ECF.

    The essential difference between the two main subdivisions of ECF is the higher protein content in the plasma than in the interstitial fluid which plays an important role in maintaining fluid balance.

ACID-BASE BALANCE 
The pH of the blood is kept constant at 7.4 + 0.05 in health by the following factors:

1. BUFFER SYSTEM. The most important buffer which regulates the pH of blood is bicarbonate-carbonic acid system followed by intracellular buffering action of haemoglobin and carbonic anhydrase in the red cells.
2. PULMONARY MECHANISM. During respiration, CO2 is removed by the lungs depending upon the partial pressure of CO2 in the arterial blood.

3. RENAL MECHANISM. The other route by which H+ ions can be excreted from the body is in the urine by:

a) combining with phosphates to form phosphoric acid;
b) combining with ammonia to form ammonium ions; and

c) combining with filtered bicarbonate ions to form carbonic acid.
PRESSURE GRADIENTS AND FLUID EXCHANGES 
1. OSMOTIC PRESSURE. This is the pressure exerted by the chemical constituents of the body fluids. Accordingly, osmotic pressure may be of the following types:

a) Crystalloid osmotic pressure exerted by electrolytes present in the ECF and comprises the major portion of the total osmotic pressure.

b) Colloid osmotic pressure or oncotic pressure exerted by proteins present in the ECF and constitutes a small part of the total osmotic pressure but is more significant physiologically. Since the protein content of the plasma is higher than that of interstitial fluid, oncotic pressure of plasma is higher (average 25 mmHg) than that of interstitial fluid (average 8 mmHg).

c) Effective oncotic pressure is the difference between the higher oncotic pressure of plasma and the lower oncotic pressure of interstitial fluid and is toe force that tends to draw fluid into the vessels.
2. HYDROSTATIC PRESSURE. This is the capillary blood pressure. There is considerablepressure gradient at the two ends of capillary loop being higher at the arteriolar end (average 32 mmHg) than at the venular end (average 12 mmHg).

a) Tissue tension is the hydrostatic pressure of interstitial fluid and is lower than the hydrostatic pressure in the capillary at either end (average 4 mmHg).

b) Effective hydrostatic pressure is the difference between the higher hydrostatic pressure in the capillary and the lower tissue tension; it is toe force that drives fluid through the capillary wall into the interstitial space.
    Normally, the fluid exchanges between the body compartments take place as under:

a) At the arteriolar end of the capillary, the balance between the hydrostatic pressure (32 mmHg) and plasma oncotic pressure (25 mmHg) is the hydrostatic pressure of 7 mmHg which is the outward-driving force so that a small quantity of fluid and solutes leave the vessel to enter the interstitial space.

b) At the venular end of the capillary, the balance between the hydrostatic pressure (12 mmHg) and plasma oncotic pressure (25 mmHg) is the oncotic pressure of 13 mmHg which is the inward-driving force so that the fluid and solutes re-enter the plasma.

c) The tissue fluid left after exchanges across the capillary wall escapes into the lymphatics from where it is finally drained into venous circulation.

d) Tissue factors i.e. oncotic pressure of interstitial fluid and tissue tension, are normally small and insignificant forces opposing the plasma hydrostatic pressure and capillary hydrostatic pressure, respectively.

DISTURBANCES OF BODY FLUIDS AND ELECTROLYTES. OEDEMA 
    Oedema may be defined as abnormal and excessive accumulation of fluid in the interstitial tissue spaces and serous cavities. There are the following kinds of edemas: а) cardiac, b) renal, c) hypostatic [congestion], which may be also  inflammatory, traumatic, allergic, etc. The names of edemas of various localization are:  а)  hydropericardium is accumulation of fluid in the cavity of  pericardium, b) hydrothorax is accumulation of fluid in the thoracal cavity, c) ascites (асцит) is accumulation of fluid in the abdominal cavity, d) anasarca- in hypodermic cellulose, e) hydrocele - in tunics of a testicle, f) a hydrocephalus – in ventricle of brain.

The oedema may be of 2 main types:

1. Localised in the organ or limb; and

2. Generalised (anasarca or dropsy) when it is systemic in distribution, particularly noticeable in the subcutaneous tissues.

    In the case of oedema in the subcutaneous tissues, momentary pressure of finger produces a depression known as pitting oedema. The other variety is non-pitting or solid oedema in which no pitting is produced on pressure e.g. in myxoedema, elephantiasis. Oedema fluid may be:

a) transudate which is more often the case, such as in oedema of cardiac and renal disease; or

b) exudate such as in inflammatory oedema.

The differences between transudate and exudate are tabulated in Table 10.
	FEATURE
	TRANSUDATE
	EXUDATE

	1. Definition
	Filtrate of blood plasma without changes in endothelial permeability
	Oedema of inflamed tissue associated with increased vascular permeability

	2. Character
	Non-inflammatory oedema
	Inflammatory oedema

	3.Protein content
	Low (less than 1 g/dl); mainly albumin, low fibrinogen; hence no tendency to coagulate
	High (2.5-3.5 g/dl), readily coagulates due to high content of fibrinogen and other coagulation factors

	4. Glucose content
	Same as in plasma
	Low (less than 60 mg/dl)

	5. Specific gravity
	Low (less than 1.015)
	High (more than 1.018)

	6. pH
	>7.3
	<7.3

	7. LDH
	Low
	High

	8. Effusion LDH/ Serum LDH ratio
	<0.6
	>0.6

	9. Cells
	Few cells, mainly mesothelial cells and cellular debris
	Many cells, inflammatory as well as parenchymal

	10. Examples
	Oedema in congestive cardiac failure
	Purulent exudate such as pus


Table 10
PATHOGENESIS OF OEDEMA 
    The following six mechanisms may be operating singly or in combination to produce oedema:

1. DECREASED PLASMA ONCOTIC PRESSURE. A fall in the total plasma protein level (hypoproteinaemia of ess than 5 g/dl), results in lowering of plasma oncotic pressure in a way that it can no longer counteract the effect of hydrostatic pressure of blood. This results in increased outward movement of fluid from the capillary wall and decreased inward movement of fluid from the interstitial space causing oedema. Hypoproteinaemia usually produces generalised oedema (anasarca). Out of the various plasma proteins, albumin has four times higher plasma oncotic pressure than globulin.

The examples of oedema by this mechanism are:
 i) Oedema of renal disease
 ii) Ascites of liver disease
 iii) Oedema due to other causes of hypoproteinaemia.

2. INCREASED CAPILLARY HYDROSTATIC PRESSURE. The hydrostatic pressure of the capillary is the force that normally tends to drive fluid through the capillary wall into the interstitial space by counteracting the force of plasma

oncotic pressure. A rise in the hydrostatic pressure at the venular end of the capillary which is normally low (average 12 mmHg) to a level more than the plasma oncotic pressure results in minimal or no reabsorption of fluid at the venular end, consequently leading to oedema.

The examples of oedema by this mechanism are: 
i) Oedema of cardiac disease e.g. in congestive cardiac failure, constrictive pericarditis.

ii) Ascites of liver disease e.g. in cirrhosis of liver.

iii) Passive congestion e.g. in mechanical obstruction due to thrombosis of veins of the lower legs, varicosities, pressure by pregnant uterus, tumours etc. iv) Postural oedema.
3. LYMPHATIC OBSTRUCTION. Normally the interstitial fluid in the tissue spaces escapes by way of lymphatics so that obstruction to outflow of these channels causes localised oedema, known as lymphoedema.

The examples of lymphoedema are: 
i)  Removal of axillary lymph nodes in radical mastectomy for carcinoma of the breast.

ii) Pressure from outside on the main abdominal or thoracic duct such as due to tumours.

iii) Inflammation of the lymphatics as seen in filariasis. iv) Occlusion of lymphatic channels by malignant cells, v)   Milroy's disease or hereditary lymphoedema.

4. TISSUE FACTORS. The forces acting in the interstitial space oncotic pressure of the interstitial space and tissue tension, in combination with other mechanisms play a role in causation of oedema.

5. INCREASED CAPILLARY PERMEABILITY. When the capillary endothelium is injured by various 'capillary poisons' such as toxins and their products, histamine, anoxia, venoms, certain drugs and chemicals, the capillary permeability to plasma proteins is enhanced due to development of gaps between the endothelial cells. This, in turn, causes reduced plasma oncotic pressure and elevated oncotic pressure of interstitial fluid which consequently produces oedema.

The examples of oedema by this mechanism are: 
i) Generalised oedema due to increased vascular permeability may occur in systemic infections, poisonings, certain drugs and chemicals, anaphylactic reactions and anoxia, 
ii) Localised oedema such as inflammatory oedema, angioneurotic oedema.
6. SODIUM AND WATER RETENTION. Excessive retention of sodium and water and their decreased renal excretion occur in response to hypovolaemia and lowered concentration of sodium in the renal tubules via stimulation of intrinsic renal and extra-renal mechanisms as well as via release of ADH.

    The examples of oedema by these mechanism are: i) Oedema of cardiac disease e.g. in congestive cardiac failure, ii) Ascites of liver disease e.g. in cirrhosis of liver. iii) Oedema of renal disease e.g. in nephrotic syndrome, glomerulonephritis.

PATHOGENESIS AND MORPHOLOGY OF IMPORTANT TYPES OF OEDEMA 
Renal Oedema 
1. Oedema in nephrotic syndrome. Since there is persistent and heavy proteinuria (albuminuria) in nephrotic syndrome, there is hypoalbuminaemia causing decreased plasma oncotic pressure resulting in severe generalised oedema (nephrotic oedema). The hypoalbuminaemia causes fall in the plasma volume activating renin-angiotensin-aldosterone mechanism which results in retention of sodium and water.

2. Oedema in glomerulonephritis. Oedema occurs in conditions with diffuse glomerular disease such as in acute diffuse glomerulonephritis and rapidly progressive glomerulonephritis (nephritic oedema). In contrast to nephrotic oedema, nephritic oedema is not due to hypoproteinaemia but is due to excessive reabsorption of sodium and water in the renal tubules via renin-angiotensin-aldosterone mechanism. The protein content of oedema fluid in glomerulonephritis is quite low (less than 0.5 g/dl).

The salient differences between the nephrotic and nephritic oedema are outlined in Table 11.

	FEATURE
	NEPHROTIC OEDEMA
	NEPHRITIC OEDEMA

	1. Cause
	Nephrotic syndrome
	Glomerulonephritis (acute, rapidly progressive)

	2. Proteinuria
	Heavy
	Moderate

	3. Mechanism

	Plasma oncotic pressure, Na+ and water re
tention 
	Na+ and water retention 


	4. Degree of oedema
	Severe, generalised
	Mild

	5.  Distribution
	Subcutaneous tissues as well as visceral organs
	Loose tissues mainly (face, eyes, ankles, genitalia)


Table 11
3. Oedema in acute tubular injury. Acute tubular injury following shock or toxic chemicals results in gross oedema of the body. The damaged tubules lose their capacity for selective reabsorption and concentration of the glomerular filtrate resulting in increased reabsorption and oliguria.

Cardiac Oedema 
    Generalised oedema develops in right-sided and congestive cardiac failure.

    Pathogenesis of cardiac oedema is explained on the basis of the following hypotheses:

1. Reduced cardiac output causes hypovolaemia which stimulates intrinsic-renal and extra-renal hormonal (renin-angiotensin-aldosterone) mechanisms as well as ADH secretion resulting in sodium and water retention and consequent oedema.

2. Due to heart failure, there is elevated central venous pressure which is transmitted backward to the venous end of the capillaries, raising the capillary hydrostatic pressure and consequent transudation.

3. Chronic hypoxia may injure the capillary wall causing increased capillary permeability and result in oedema.

In left heart failure, the changes are, however, different. There is venous congestion, particularly in the lungs, so that pulmonary oedema develops rather than generalised oedema.

Cardiac oedema is influenced by gravity and is thus characteristically dependent oedema i.e. in an ambulatory patient it is on the lower extremities, while in a bed-ridden patient oedema appears on the sacral and genital areas.

Pulmonary Oedema 
    Acute pulmonary oedema is the most important form of local oedema as it causes serious functional impairment but has special features.

ETIOPATHOGENESIS. 
    The hydrostatic pressure in the pulmonary capillaries is much lower (average 10 mmHg). Normally the plasma oncotic pressure is adequate to prevent the escape of fluid into the interstitial space and hence lungs are normally free of oedema. Pulmonary oedema can result from either the elevation of pulmonary hydrostatic pressure or the increased capillary permeability.

1. Elevation in pulmonary hydrostatic pressure (Haemodynamic oedema). In heart failure, there is increase in the pressure in pulmonary veins which is transmitted to pulmonary capillaries. This results in imbalance between pulmonary hydrostatic pressure and the plasma oncotic pressure so that excessive fluid moves out of pulmonary capillaries into the interstitiurr of the lungs. Simultaneously, endothelium of the pulmonary capillaries develops fenestrations permitting passage of pasma proteins and fluid into the interstitium. As the capacity of the lymphatics to drain the fluid is exceeded (about ten-fold increase in fluid), the excess fluid starts accumulating in the interstitium (interstitial oedema). Next follows the thickening of the alveolar walls because of the interstitial oedema. However, prolonged elevation of hydrostatic pressure and due to high pressure of interstitial oedema, the alveolar lining cells break and the alveolar air spaces are flooded with fluid (alveolar oedema) driving the air out of alveolus, thus seriously hampering the lung function.

Pulmonary oedema by this mechanism is seen in left heart failure, mitral stenosis, pulmonary vein obstruction, thyrotoxicosis.

2. Increased vascular permeability (Irritant oedema). The vascular endothelium as well as the alveolar epithelial cells (alveolo-capillary membrane) may be damaged causing increased vascular permeability so that excessive fluid and plasma proteins leak out, initially into the interstitium and subsequently into the alveoli.

This mechanism explains pulmonary oedema in fulminant pulmonary and extrapulmonary infections, inhalation of toxic substances, aspiration, shock, radiation injury, hypersensitivity to drugs or antisera, uraemia and adult respiratory distress syndrome (ARDS).

3. Acute high altitude oedema. Individuals climbing to high altitude suddenly without halts and without waiting for acclimatisation to set in, suffer from serious circulatory and respiratory ill-effects. Commonly, the deleterious effects begin to appear after an altitude of 2500 metres is reached. These changes include: appearance of oedema fluid in the lungs, congestion and widespread minute haemorrhages. The underlying mechanism appears to be anoxic damage to the pulmonary vessels.

G/A The lungs in pulmonary oedema are heavy, moist and subcrepitant. Cut surface exudes frothy fluid (mixture of air and fluid).

M/E The alveolar capillaries are congested. Initially the excess fluid collects in the interstitial lung spaces (interstitial oedema) but later the fluid fills the alveolar spaces (alveolar oedema). The interstitium as well as the alveolar spaces thus contain an eosinophilic, granular and pink proteinaceous material, often admixed with some RBCs and macrophages.

In chronically elevated venous pressure, known as chronic passive congestion of lung or brown induration, the lungs are firm and heavy. The sectioned surface is rusty brown in colour. Microscopically, the alveolar septa are widened and the alveolar spaces contain numerous haemosiderin-laden macrophages (heart failure cells).

Cerebral Oedema 
    The mechanism of fluid exchange in the brain differs from elsewhere in the body since there are no draining lymphatics in the brain but instead, the function of fluid-electrolyte exchange is performed by the blood-brain barrier located at the endothelial cells of the capillaries.

Cerebral oedema can be of 3 types:

1. VASOGENIC OEDEMA. This is the most common type and corresponds to oedema elsewhere resulting from increased filtration pressure or increased capillary permeability. Vasogenic oedema is prominent around cerebral contusions, infarcts, brain abscess and some tumours.

2. CYTOTOXIC OEDEMA. In this type, the blood-brain barrier is intact and the fluid accumulation is intracellular. The underlying mechanism is disturbance in the cellular osmoregulation as occurs in some metabolic derangements, acute hypoxia and with some toxic chemicals.

3. INTERSTITIAL OEDEMA. This type of cerebral oedema occurs when the excessive fluid crosses the ependymal lining of the ventricles and accumulates in the periventricular white matter. This mechanism is responsible for oedema jn non-communicating hydrocephalus.

OVERHYDRATION 
Overhydration is a state of pure water excess or water intoxication. Overhydration is encountered in the following conditions:

1. Acute and chronic renal disease

2. Severe congestive heart failure

3. Addison's disease

4. Cirrhosis of the liver

5. Tumours producing ADH e.g. bronchogenic carcinoma

6. Early postoperative period when patient is on infusion of glucose solution but is incapable of diluting the urine due to liberation of vasopressin (ADH) by the stress of surgery.

DEHYDRATION 
    Dehydration or pure water deficiency (exicosis) is a state of deprivation of water without corresponding loss of electrolytes. Pure water deficiency is less common than salt depletion but can occur in the following conditions:

1. Deficient water intake e.g. in dysphagia, obstructive lesion in oesophagus, starvation, intense weakness, coma. 2. Excessive loss of water e.g. in diabetes insipidus, hyperparathyroidism, pyrexia, hyperapnoea. The exicosis is characterized by the contracted capsule, dark thick blood, decrease of organs size, contracted skin, hollow eyes sunk down, sharp nose.

DISTURBANCES OF ELECTROLYTES. COMBINED SODIUM ANDWATER DEFICIENCY  
    Combined sodium and water deficiency is more common than deficiency of either component separately. It is commonly called salt depletion because both sodium and chloride are lost equally. Loss of sodium and water can occur in the following conditions:

1. Gastrointestinal disorders e.g. severe vomitings, diarrhoea.

2. Excess loss via the sweat.

3. Excess loss via urine e.g. in patients of heart failure on diuretics, Addison's I disease, advanced diabetes mellitus.

4. Excess loss via blood and plasma e.g. in severe haemorrhage, extensive burns.

ABNORMALITIES OF THE pH OF BLOOD 
    The pH of blood depends upon 2 principal factors:

a) the concentration of bicarbonate; and

b) the partial pressure of CO2 that determines the concentration of carbonic  acid.

Accordingly, the disorders of the pH of the blood can be of 2 types:

1. alterations in the blood bicarbonate levels (metabolic acidosis and alkalosis); and

2. alteration in Pco2 which depends upon the ventilatory function of the lungs (respiratory acidosis and alkalosis).

    Disturbance of the lymph  flow. By the mechanism of its development disturbance of lymph  flow can be: а) dynamic, b) mechanical, c) resorptive. The extravasation of lymph from vessels refers to a lymphorrhea, it can be internal and external. The example of internal lymphorrhea are: а) chylous [chilosus, milky, adiposus] ascites, b) chylous thorax, chylothorax. Stagnation of a lymph can result in an elephantiasis of extremities.

    Plasmorrhagia - is going out of plasma from vessels , frequently in eleveted the arterial blood pressure. The outcomes of plasmatic permeating are: а) fibrinoid necrosis, b)  hyalinosis of a vascular wall.
NOTE.
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
LESSON №7
TOPIC: hemodinamic disorders (Thrombosis, embolism, infarct, shock, dic).

    Thrombosis is the process of formation of solid mass in circulation from the constituents of flowing blood; the mass itself is called a thrombus. A blood clot is the mass of coagulated blood formed in vitro e.g. in a test tube. Haematoma is the extravascular accumulation of blood clot e.g. into the tissues. Haemostatic plugs are the blood clots formed in healthy individuals at the site of bleeding e.g. in injury to the blood vessel. Thrombi developing in the unruptured cardiovascular system may be life-threatening by causing one of the following harmful effects:
1. Ischaemic injury. Thrombi may decrease or stop the blood supply to part of an organ or tissue and cause ischaemia which may subsequently result in infarction.
2. Thromboembolism. The thrombus or its part may get dislodged and be carried along in the bloodstream as embolus to lodge in a distant vessel.
    Pathophysiology 
    Since the protective haemostatic plug formed as a result of normal haemostasis is an example of thrombosis, it is essential to describe thrombogenesis in relation to the normal haemostatic mechanism.
    Virchow described three primary events which predispose to thrombus formation (Virchow's triad): endothelial injury, alteration in flow of blood, and hypercoagulability of blood. These events are discussed below:
1. ROLE OF BLOOD VESSEL WALL. The integrity of blood vessel wall is important for maintaining normal blood flow. An intact endothelium has the following functions:
i) It  protects the flowing blood from the thrombogenic influence of subendothelium.
ii) It elaborates a few anti-thrombotic factors (thrombosis inhibitory factors).
iii) It can release a few prothrombotic factors which have procoagulant properties (thrombosis favouring factors).
    Vascular injury exposes the subendothelial connective tissue (e.g. collagen, elastin, fibronectin, laminin and glycosaminoglycans) which are thrombogenic and thus plays important role in initiating haemostasis as well as thrombosis. A number of factors and conditions may cause vascular injury and predispose to the formation of thrombi:
i) Endocardial injury in myocardial infarction, myocarditis, cardiac surgery, prosthetic valves.
ii) Ulcerated plaques in advanced atherosclerosis, 
iii) Haemodynamic stress in hypertension.
iv) Arterial diseases.
v) Diabetes mellitus.
vi) Endogenous chemical agents such as hypercholesterolemia, endotoxins.
vii) Exogenous chemical agents such as cigarette smoke.
2. ROLE OF PLATELETS. Following endothelial cell injury, platelets come to play a central role in normal haemostasis as well as in thrombosis. The sequence of events is as under:
i) Platelet adhesion. The platelets in circulation recognise the site of endothelial injury and adhere to exposed subendothelial collagen (primary aggregation), von Willebrand's factor is required for such adhesion between platelets and collagen.
ii) Platelet release reaction. The activated platelets then undergo release reaction by which the platelet granules are released to the exterior. Two main types of platelet granules are released:
a) Alpha granules containing fibrinogen, fibronectin, platelet-derived growth factor, platelet factor 4 (an antiheparin) and cationic proteins.
b) Dense bodies containing ADP (adenosine diphosphate), ionic calcium, 5-HT (serotonin), histamine and epinephrine.
iii) Platelet aggregation. Following release of ADP, a potent platelet aggregating agent, aggregation of additional platelets takes place (secondary aggregation). This results in formation of temporary haemostatic plug. However, stable haemostatic plug is formed by the action of fibrin, thrombin and thromboxane A2.
3. ROLE OF COAGULATION SYSTEM. Coagulation mechanism is the conversion of the plasma fibrinogen into solid mass of fibrin. The coagulation system is involved in both haemostatic process and thrombus formation.
4. HYPERCOAGULABILITY OF BLOOD. The occurrence of thrombosis in some conditions such as in nephrotic syndrome, advanced cancers, extensive trauma, teurus and during puerperium is explained on the basis of hyper​coagulability of blood. The effect of hypercoagulability on thrombosis is favoured by advancing age, smoking, use of oral contraceptives and obesity. Hyper​coagulability may occur by the following changes in the composition of blood: 
i) Increase in coagulation factors e.g. fibrinogen, prothrombin, factor VIIa, VIIIa and Xa.
ii) Increase in platelet count and their adhesiveness.
iii) Decreased levels of coagulation inhibitors e.g. antithrombin III, fibrin split products.
5. ALTERATION OF BLOOD FLOW. Formation of arterial and cardiac thrombi is facilitated by turbulence in the blood flow, while stasis initiates the venous thrombi even without evidence of endothelial injury.
    Morphology of VariousTypes 
G/A Thrombi may be of various shapes, sizes and composition depending upon the site of origin. Arterial thrombi tend to be white and mural while the venous thrombi are red and occlusive. Mixed or laminated thrombi are also common and consist of alternate white and red layers called lines of Zahn. Red thrombi are soft, red and gelatinous whereas white thrombi are firm and pale. 
M/E The composition of thrombus is determined by the rate of flow of blood i.e. whether it is formed in the rapid arterial and cardiac circulation, or in the slow moving flow in veins. The lines of Zahn are formed by alternate layers of light-staining aggregated platelets admixed with fibrin meshwork and dark-staining layer of red cells. Red (venous) thrombi have more abundant red cells, leucocytes and platelets entrapped in fibrin meshwork. Thus, red thrombi closely resemble blood clots in vitro.
    Cardiac Thrombi. Thrombi may form in any of the chambers of heart and on the valve cusps. They are more common in the atrial appendages, especially of the right atrium, and on mitral and aortic valves called vegetations which may be seen in infective endocarditis and non-bacterial thrombotic endocarditis. Cardiac thrombi are mural (non-occlusive) as are the mural thrombi encountered in the aorta in atherosclerosis and in aneurysmal dilatations. Rarely, large round thrombus may form and obstruct the mitral valve and is called ball-valve thrombus. Agonal thrombi are formed shortly before death and may occur in either or both the ventricles. They are composed mainly of fibrin.
ARTERIAL THROMBI. These are:
i) Aorta: aneurysms, arteritis.
ii) Coronary arteries: atherosclerosis.
iii) Mesenteric artery: atherosclerosis, arteritis.
iv) Arteries of limbs: atherosclerosis, diabetes mellitus, Buerger's disease, Raynaud's disease.
v) Renal artery: atherosclerosis, arteritis.
vi) Cerebral artery: atherosclerosis, vasculitis.
VENOUS THROMBI. For example:
i) Veins of lower limbs: deep veins of legs, varicose veins.
ii) Popliteal, femoral and iliac veins: postoperative stage, postpartum.
iii) Pulmonary veins: CHF, pulmonary hypertension.
iv) Hepatic and portal vein: portal hypertension.
v) Superior vena cava: infections in head and neck.
vi) Inferior vena cava: extension of thrombus from hepatic vein.
vii) Mesenteric veins: volvulus, intestinal obstruction.
viii) Renal vein: renal amyloidosis.
    Distinguishing features between thrombi formed in rapidly-flowing arterial circulation and slow-moving venous blood are given in Table 12
	
	FEATURE
	ARTERIAL THROMBI
	VENOUS THROMBI

	1.
	Blood flow
	Formed in rapidly-flowing blood
of arteries and heart
	Formed in slow-moving
blood in veins

	2.
	Sites
	Common in aorta, coronary,
cerebral, iliac, femoral, renal
and mesenteric arteries
	Common in superficial
varicose veins, deep leg
veins, popliteal, femoral and
iliac veins

	3.
	Thrombogenesis
	Formed following endothelial
cell injury e.g. in
atherosclerosis
	Formed following venous
stasis e.g. in abdominal
operations, child-birth

	4.
	Development
	Usually mural, not occluding
the lumen completely, may
propagate
	Usually occlusive, take the
cast of the vessel in which
formed, may propagate in
both directions

	5.
	Macroscopy
	Grey-white, friable with lines
of Zahn on surface
	Red-blue with fibrin strands
and lines of Zahn

	6.
	Microscopy
	Distinct lines of Zahn composed
of platelets, fibrin with entangled
red and white blood cells
	Lines of Zahn with more
abundant red cells

	7.
	Effects
	Ischaemia leading to infarcts e.g.
in the heart, brain etc
	Thromboembolism, oedema,
skin ulcers, poor wound
healing


Table 12
CAPILLARY THROMBI. Minute thrombi composed mainly of packed red cells are formed in the capillaries in acute inflammatory lesions, vasculitis and in disseminated intravascular coagulation (DIC).
    Fate of Thrombus 
    The possible favourable fate of thrombi is as under:
1. aseptic RESOLUTION. Thrombus activates the fibrinolytic system with consequent release of plasmin which may dissolve the thrombus completely resulting in resolution.
2. ORGANISATION. If the thrombus is not removed, it starts getting organised. Phagocytic cells (neutrophils and macrophages) appear and begin to phagocytose fibrin and cell debris. Capillaries grow into the thrombus from the site of its attachment and fibroblasts start invading the thrombus. Thus, fibro-vascular granulation tissue is formed which subsequently becomes dense and less vascular and is covered over by endothelial cells.
3. recanalization
4. vascularization
    The possible unfavourable fate of thrombi is as under:
1. PROPAGATION. The thrombus may enlarge in size due to more and more deposition from the constituents of flowing blood. In this way, it may ultimately cause obstruction of some important vessel.
2. THROMBOEMBOLISM. The thrombi in early stage and infected thrombi are quite friable and may get detached from the vessel wall. These are released in part or completely in bloodstream as emboli which produce ill-effects at the site of their lodgement.
3. purulent fusion (septic autolysis), which  frequently results in sepsis.

    Clinical Effects of Thrombosis 
    These depend upon the site of thrombi, rapidity of formation, and nature of  thrombi.
1. Cardiac thrombi. Large thrombi in the heart may cause sudden death by mechanical obstruction of blood flow or through thromboembolism to vital    organs.
2. Arterial thrombi. These cause ischaemic necrosis of the deprived part  (infarct) which may lead to gangrene. Sudden death may occur following   I thrombosis of coronary artery.
3. Venous thrombi (Phlebothrombosis). These may cause various effects such as:
i) Thromboembolism
ii) Oedema of area drained
iii) Poor wound healing
iv) Skin ulcer
v) Painful thrombosed veins (thrombophlebitis)
vi) Painful white leg (phlegmasia alba dolens) due to ileofemoral venous thrombosis in postpartum cases
vii) Thrombophlebitis migrans in cancer.
4. Capillary thrombi. Microthrombi in microcirculation may give rise to disseminated intravascular coagulation (DIC).
EMBOLISM 
    Embolism is the process of partial or complete obstruction of some part of the cardiovascular system by any mass carried in the circulation; the transported intravascular mass detached from its site of origin is called an embolus. Most usual forms of emboli (90%) are thromboemboli i.e. originating from thrombi or their parts detached from the vessel wall.
Emboli may be of various types:
A. Depending upon the matter in the emboli, they can be:
i) Solid e.g. detached thrombi (thromboemboli), atheromatous material, tumour cell clumps, tissue fragments, parasites, bacterial clumps, foreign bodies.
ii) Liquid e.g. fat globules, amniotic fluid, bone marrow.
iii) Gaseous e.g. air, other gases.
B. Depending upon whether infected or not, they are called:
 i)  Bland, when sterile.
iii) Septic, when infected.
C. Depending upon the source of the emboli, they are classified as:
i) Cardiac emboli from left side of heart e.g. emboli originating from atrium and atrial appendages, infarct in the left ventricle, vegetations of endocarditis.
ii)  Arterial emboli e.g. in systemic arteries in the brain, spleen, kidney, intestine.
iii)  Venous emboli e.g. in pulmonary arteries.
iv) Lymphatic emboli can also occur.
D. Depending upon the flow of blood, two special types of emboli are mentioned:
i) Paradoxical embolus. An embolus which is carried from the venous side of circulation to the arterial side or vice versa is called paradoxical or crossed   embolus e.g. through arteriovenous communication such as in patent foramen ovale, septal defect of the heart, and arteriovenous shunts in the lungs. 
ii) Retrograde embolus. An embolus which travels against the flow of blood is called retrograde embolus e.g. metastatic deposits in the spine from carcinoma prostate. The spread occurs by retrograde embolism through intraspinal veins which carry tumour emboli from large thoracic and abdominal veins due to increased pressure in body cavities e.g. during coughing or straining. Some of the important types of embolism are tabulated in Table 13.
TABLE 13
	
	TYPE
	COMMON ORIGIN

	1.
	Pulmonary embolism
	Veins of lower legs

	2.
	Systemic embolism
	Left ventricle (arterial)

	3.
	Fat embolism
	Trauma to bones/soft tissues

	4.
	Air embolism
	Venous: head & neck operations, obstetrical

	
	
	trauma Arterial: cardiothoracic surgery,
angiography

	5.
	Decompression
sickness
	Descent: divers
Ascent: unpressurised flight

	6.
	Amniotic fluid embolism
	Components of amniotic fluid

	7.
	A theroembolism
	Atheromatous plaques

	8.
	Tumour embolism
	Tumour fragments


    Thromboembolism 
    A detached thrombus or part of thrombus constitutes the most common type of embolism. These may arise in the arterial or venous circulation:
    Arterial (systemic) thromboembolism:
A. Causes within the heart (80-85%): These are mural thrombi in the left atrium or left ventricle, vegetations on the mitral or aortic valves, prosthetic heart valves and cardiomyopathy.
B. Causes within the arteries: These include emboli developing in relation to atherosclerotic plaques, aortic aneurysms, pulmonary veins and paradoxical arterial emboli from the systemic venous circulation.
    The effects of arterial emboli depend upon their size, site of lodgement, and adequacy of collateral circulation. If the vascular occlusion occurs, the following ill-effects may result:
i)  Infarction of the organ or its affected part e.g. ischaemic necrosis in the lower limbs (70-75%), spleen, kidneys, brain, intestine. 
ii)  Gangrene following infarction in the lower limbs if the collateral circulation is inadequate.
iii) Arteritis and mycotic aneurysm formation from bacterial endocarditis. 
iv) Myocardial infarction may occur following coronary embolism. 
v)  Sudden death may result from coronary embolism or embolism in the middle cerebral artery.
    Venous thromboembolism:
i) Thrombi in the veins of the lower legs are the most common cause of venous emboli.
ii) Thrombi in the pelvic veins.
iii) Thrombi in the veins of the upper limbs.
iv) Thrombosis in cavernous sinus of the brain.
v)  Thrombi in the right side of heart.
    The most significanteffecf of venous embolism is obstruction of pulmonary arterial circulation leading to pulmonary embolism described below.
    Pulmonary Thromboembolism 
Pulmonary embolism is the most common and fatal form of venous thromboembolism in which there is occlusion of pulmonary arterial tree by thromboemboli. Pulmonary thrombosis as such is uncommon and may occur in pulmonary atherosclerosis and pulmonary hypertension. Differentiation of  pulmonary thrombosis from pulmonary thromboembolism is tabulated in Table 14
TABLE 14: 
	FEATURE
	PUL. THROMBOSIS
	PUL. THROMBOEMBOLISM

	1. Pathogenesis
	Locally formed
	Travelled from distance

	2.  Location
	In small arteries and
branches
	In major arteries and
Branches

	3.Attachment to
vessel wall
	Firmly adherent
	Loosely attached or lying
Free

	4. Gross
appearance
	Head pale, tail red
	No distinction in head and
tail; smooth surface
dry dull surface

	5.  Microscopy
	Platelets and fibrin in
layers, Lines of Zahn
seen
	Mixed with blood clot,
lines of Zahn rare


    ETIOLOGY. Pulmonary emboli are more common in hospitalised or bed​ridden patients, though they can occur in ambulatory patients as well. The causes are:
i) Thrombi originating from large veins of lower legs (such as popliteal, femoral and iliac) are the cause in 95% of pulmonary emboli, ii) Less common sources include thrombi in varicosities of superficial veins of the legs, and pelvic veins such as peri-prostatic, periovarian, uterine and broad ligament veins.
    PATHOGENESIS. Detachment of thrombi from any of the above-mentioned sites produces a thrombo-embolus that flows through venous drainage into the larger veins draining into right side of the heart.
■ If the thrombus is large, it is impacted at the bifurcation of the main pulmonary artery (saddle embolus), or may be found in the right ventricle or its outflow tract.
■ More commonly, there are multiple emboli, or a large embolus may be fragmented into many smaller emboli which are then impacted in a number of vessels, particularly affecting the lower lobes of lungs.
■ Rarely, paradoxical embolism may occur by passage of an embolus from right heart into the left heart through atrial or ventricular septal defect. In this way, pulmonary emboli may reach systemic circulation.
    CONSEQUENCES OF PULMONARY EMBOLISM. Pulmonary embolism occurs more commonly as a complication in patients of acute or chronic debilitating diseases who are immobilised for a long duration. Women in their reproductive period are at higher risk such as in late pregnancy, following delivery and with use of contraceptive pills. The effects of pulmonary embolism depend mainly on the size of the occluded vessel, the number of emboli, and on the cardiovascular status of the patient. The following consequences can result:
i) Sudden death.
ii)Acute cor pulmonale.
iii) Pulmonary infarction.
iv) Pulmonary haemorrhage.
v) Resolution.
vi) Pulmonary hypertension, chronic cor pulmonale and pulmonary  arteriosclerosis.
    Systemic Embolism
    This is the type of arterial embolism that originates commonly from thrombi in the diseased heart, especially in the left ventricle. These diseases of heartinclude myocardial infarction, cardiomyopathy, RHD, congenital heart disease,infective endocarditis, and prosthetic cardiac valves. These arterial emboli invariably cause infarction at the sites of lodgement which include, in descending order of frequency, lower extremity, brain, and internal visceral organs (spleen, kidneys, intestines). Thus, the effects and sites of arterial emboli are in striking contrast to venous emboli which are often lodged in the lungs.
    Fat Embolism
    Obstruction of arterioles and capillaries by fat globules constitutes fat embolism. If the obstruction in the circulation is by fragments of adipose tissue, it is called fat-tissue embolism. Following are the important causes of fat embolism: 
i) Traumatic causes:
■ Trauma to bones e.g. in fractures of long bones leading to passage of fatty marrow in circulation, concussions of bones, after orthopaedic surgical procedures etc.
■ Trauma to soft tissue e.g. laceration of adipose tissue and in puerperium due to injury to pelvic fatty tissue.
ii) Non-traumatic causes: Extensive burns, diabetes mellitus, fatty liver, pancreatitis, sickle cell anaemia, decompression sickness, inflammation of bones and soft tissues, extrinsic fat or oils introduced into the body.
PATHOGENESIS. The following mechanisms may be acting singly or in combination.
i) Mechanical theory. Mobilisation of fluid fat may occur following trauma to the bone or soft tissues. The fat globules released from the injured area may enter venous circulation and finally most of the fat is arrested in the small vessels in the lungs.
ii) Emulsion instability theory. This theory explains the pathogenesis of fat embolism in non-traumatic cases. According to this theory, fat emboli are formed by aggregation of plasma lipids (chylomicrons and fatty acids) due to disturbance in natural emulsification of fat.
iii) Intravascular coagulation theory. In stress, release of some factor activates disseminated intravascular coagulation (DIC) and aggregation of fat emboli.
iv) Toxic injury theory. According to this theory, the small blood vessels of lungs are chemically injured by high plasma levels of free fatty acid, resulting in increased vascular permeability and consequent pulmonary oedema.
CONSEQUENCES OF FAT EMBOLISM. The effects of fat embolism depend upon the size and quantity of fat globules, and whether or not the emboli pass through the lungs into the systemic circulation.
i) Pulmonary fat embolism. 
M/E The lungs show hyperaemia, oedema, petechial haemorrhages and changes of adult respiratory distress syndrome (ARDS). In routine stains, the fat globules in the pulmonary arteries, capillaries and alveolar spaces appear as vacuoles. Frozen section is essential for confirmation of globules by fat stains such as Sudan dyes (Sudan black, Sudan III and IV), oil red O and osmic acid.
ii) Systemic fat embolism. Some of the fat globules may pass through the pulmonary circulation such as via patent foramen ovale, arteriovenous shunts in the lungs and vertebral venous plexuses, and get lodged in the capillaries of organs like the brain, kidney, skin etc.
Air Embolism
Air embolism occurs when air is introduced into venous or arterial circulation.
VENOUS AIR EMBOLISM. Air may be sucked into systemic veins under the following circumstances:
i) Operations on head and neck, and trauma.
ii) Obstetrical operations and trauma.
iii) Intravenous infusion of blood and fluid.
iv) Angiography.
    The effects of venous air embolism depend upon the following factors: 
i) Amount of air introduced into the circulation. The volume of air necessary to cause death is variable but usually 100-150 ml of air entry is considered fatal.
ii) Rapidity of entry of a smaller volume of air is important determinant of a fatal outcome.
iii) Position of the patient during or soon after entry of air is another factor. The air bubbles may ascend into the superior vena cava if the position of head is higher than the trunk (e.g. in upright position) and reach the brain.
iv) General condition of the patient e.g. in severely ill patients, as little as 40 ml of air may have serious results.
    The mechanism of death is by entrapment of air emboli in the pulmonary arterial trunk in the right heart. If bubbles of air in the form of froth pass further out into pulmonary arterioles, they cause widespread vascular occlusions. If death from pulmonary air embolism is suspected, the heart and pulmonary artery should be opened in situ under water so that escaping froth or foam formed by mixture of air and blood can be detected.
ARTERIAL AIR EMBOLISM. Entry of air into pulmonary vein or its tributaries may occur in the following conditions:
i) Cardiothoracic surgery and trauma, ii) Paradoxical air embolism, iii) Arteriography.
The effects of arterial air embolism are in the form of certain characteristic features:
i) Marble skin due to blockage of cutaneous vessels, ii) Air bubbles in the retinal vessels seen ophthalmoscopically, iii) Pallor of the tongue due to occlusion of a branch of lingual artery, iv) Coronary or cerebral arterial air embolism may cause sudden death by much smaller amounts of air than in the venous air embolism.
    Decompression Sickness
    This is a specialised form of gas embolism known by various names such as caisson's disease, divers' palsy or aeroembolism.
    Decompression sickness is produced when the individual decompresses suddenly, either from high atmospheric pressure to normal level, or from normal pressure to low atmospheric pressure.
The effects of decompression sickness depend upon:
■ depth or altitude reached
■ duration of exposure to altered pressure
■ rate of ascent or descent
■ general condition of the individual
    The pathologic changes are more pronounced in sudden decompression from high pressure to normal levels than in those who decompress from low pressure to normal levels. The changes are more serious in obese persons as nitrogen gas is more soluble in fat than in body fluids.
Clinical effects of decompression sickness are of 2 types:
■ Acute form occurs due to acute obstruction of small blood vessels in the vicinity of joints and skeletal muscles. The condition is clinically characterised by the following:
i) The bends', as the patient doubles up in bed due to acute pain in joints, ligaments and tendons.
ii) The chokes' occur due to accumulation of bubbles in the lungs, resulting in acute respiratory distress.
iii) Cerebral effects may manifest in the form of vertigo, coma, and sometimes death.
■ Chronic form is due to foci of ischaemic necrosis throughout body, especially the skeletal system.
i)  Avascular necrosis of bones e.g. head of femur, tibia, humerus.
ii) Neurological symptoms may occur due to ischaemic necrosis in the central nervous system. These include paraesthesias and paraplegia.
iii) Lung involvement in the form of haemorrhage, oedema, emphysema and atelactasis may be seen. These result in dyspnoea, nonproductive cough and chest pain.
iv) Skin manifestations include itching, patchy erythema, cyanosis and oedema.
v) Other organs like parenchymal cells of the liver and pancreas may show lipid vacuoles.
    Amniotic Fluid Embolism 
    This is the most serious, unpredictable and unpreventible cause of maternal mortality. During labour and in the immediate postpartum period, the contents of amniotic fluid may enter the uterine veins and reach right side of the heart resulting in fatal complications. The amniotic fluid components which may be found in uterine veins, pulmonary artery and vessels of other organs are: epithelial squames, vernix caseosa, lanugo hair, bile from meconium, and mucus. The mechanism by which these amniotic fluid contents enter the maternal circulation is not clear. Possibly, they gain entry either through tears in the myometrium and endocervix, or the amniotic fluid is forced into uterine sinusoids by vigorous uterine contractions.
G/A Notable changes are seen in the lungs such as haemorrhages, congestion, oedema and changes of ARDS, and dilatation of right side of the heart.
    These changes are associated with identifiable amniotic fluid contents within the pulmonary microcirculation.
    The clinical syndrome is characterised by the following features:
■ Sudden respiratory distress and dyspnoea
■ Deep cyanosis
■ Cardiovascular shock
■ Convulsions
■ Coma
■ Unexpected death
The cause of death may not be obvious but can occur as a result of the following mechanisms:
i) Mechanical blockage of the pulmonary circulation in extensive embolism, ii) Anaphylactoid reaction to amniotic fluid components, iii) Disseminated intravascular coagulation (DIC) due to liberation of thromboplastin by amniotic fluid. iv) Haemorrhagic manifestations due to thrombocytopenia and afibrino-genaemia.
    Atheroembolism 
    Atheromatous plaques, especially from aorta, may get eroded to form atherosclerotic emboli which are then lodged in medium-sized and small arteries.
    Tumour (histic) Embolism 
    Malignant tumour cells invade the local blood vessels and may form tumour emboli to be lodged elsewhere, producing metastatic tumour deposits.
INFARCTION 
    Infarction is the process of tissue necrosis resulting from some form of circulatory insufficiency; the localised area of necrosis so developed is called an infarct. All the causes of ischaemia discussed above can cause infarction. There are a few other note-worthy features in infarcts:
■ Most commonly, infarcts are caused by interrupted arterial blood supply, called ischaemic necrosis.
■ Less commonly, venous obstruction can produce infarcts termed stagnant hypoxia.
■ Generally, sudden, complete, and continuous occlusion by thrombosis or embolism produces infarcts.
■ Infarcts may be produced by nonocclusive circulatory insufficiency as well e.g. incomplete atherosclerotic narrowing of coronary arteries may produce myocardial infarction due to acute coronary insufficiency.
TYPES OF INFARCTS. Infarcts are classified depending upon different features:
1.   According to their colour, infarcts may be:
■ Pale (white) or anaemic, due to arterial occlusion e.g. in the kidneys, heart, spleen.
■ Red or haemorrhagic,( seen in soft loose tissues and are caused either by pulmonary arterial obstruction (e.g. in the lungs) or by arterial or venous occlusion (e.g. in the intestines).
■ White with hemorrhagic aureole (heart, lungs)
2. According to their age, infarcts are classified as: recent or fresh, old or healed
3.  According to presence or absence of infection, they may be: bland when free of bacterial contamination, septic, when infected.
4. According to shape, they may be: triangular (wedge-shaped) or irregular form, which is determined by features of structure of vessels supplying an organ.

    Infarcts in kidney, spleen, and lung are wedge-shaped, with the occluded artery situated near the apex of the wedge and the base of the infarct located on the surface of the organ. The characteristic shape of infarcts in these organs dues to the symmet​ric dichotomous branching pattern of the arteries supplying them.
5. According to size it can be: а) a microinfarct, b) subtotal, c) total.
PATHOGENESIS. The process of infarction takes place as follows:
i) Localised hyperaemia due to local anoxaemia.
ii) Within a few hours, the affected part becomes swollen due to oedema and haemorrhage.
iii)  Cellular changes such as cloudy swelling and degeneration appear early while death of the cells or necrosis occurs in 12-48 hours.
iv) There is progressive autolysis of the necrotic tissue and haemolysis of the red cells.
v  An acute inflammatory reaction and hyperaemia appear at the same time in the surrounding tissues in response to products of autolysis.
vi Blood pigments, haematoidin agd haemosiderin, liberated by haemolysis are deposited in the infarct.
vii) There is progressive ingrowth of granulation tissue from the margin of the infarct so that eventually the infarct is replaced by a fibrous scar.
    Infarcts of Different Organs 
Table 15  summarises the gross appearance and the usual outcome of the common types of infarction..
	
	LOCATION
	GROSSAPPEARANCE
	OUTCOME

	1.
	Myocardial Infarction
	Pale
	Frequently lethal

	2.
	Pulmonary Infarction
	Haemorrhagic
	Less commonly fatal

	3.
	Cerebral Infarction
	Haemorrhagic or pale
	Fatal if massive

	4.
	Intestinal infarction
	Haemorrhagic
	Frequently lethal

	5.
	Renal infarction
	Pale
	Not lethal unless
massive and bilateral

	6.
	Infant spleen
	Pale
	Not lethal

	7.
	Infant liver
	Pale
	Not lethal

	8.
	Infants lower extremity
	Pale
	Not lethal


Table 15
INFARCT LUNG. Embolism of the pulmonary arteries may produce pulmonary infarction, though not always. This is because lungs receive blood supply from bronchial arteries as well, and thus occlusion of pulmonary artery ordinarily does not produce infarcts.
G/A The pulmonary infarcts are classically wedge-shaped with base on the pleura, haemorrhagic, variable in size, and most often in the lower lobes. Fibrinous pleuritis usually covers the area of infarct.
M/E The characteristic histologic feature is coagulative necrosis of the alveolar walls. Initially, there is infiltration by neutrophils and intense alveolar capillary congestion, but later their place is taken by haemosiderin, phagocytes and granulation tissue.
INFARCT KIDNEY. Renal infarction is common, found in upto 5% of autopsies. Majority of them are caused by thromboemboli, most commonly originating from the heart such as in mural thrombi in the left atrium, myocardial infarction, vegetative endocarditis and aortic aneurysm.
G/A Renal infarcts are often multiple and may be bilateral. Characteristically, they are pale or anaemic and wedge-shaped with base resting under the capsule and apex pointing towards the medulla. Generally, a narrow rim of preserved renal tissue under the capsule is spared because it draws its blood supply from the capsular vessels.
M/E The affected area shows characteristic coagulative necrosis of renal parenchyma i.e. there are ghosts of renal tubules and glomeruli without intact nuclei and cytoplasmic content. The margin of the infarct shows inflammatory reaction initially acute, but later macrophages and fibrous tissue predominate. 
INFARCT SPLEEN. Spleen is one of the common sites for infarction. Splenic infarction results from occlusion of the splenic artery or its branches. Occlusion is caused most commonly by thromboemboli arising in the heart (e.g. in mural thrombi in the left atrium, vegetative endocarditis, myocardial infarction), and less frequently by obstruction of microcirculation (e.g. in myeloproliferative diseases, sickle cell anaemia, arteritis, Hodgkin's disease, bacterial infections). G/A Splenic infarcts are often multiple. They are characteristically pale or anaemic and wedge-shaped with their base at the periphery and apex pointing towards hilum.
M/E The features are similar to those found in anaemic infarcts in kidney. Coagulative necrosis and inflammatory reaction are seen. Later, the necrotic tissue is replaced by shrunken fibrous scar.
INFARCT LIVER. Just as in lungs, infarcts in the liver are uncommon due to dual blood supplyfrom portal vein and from hepatic artery. Obstruction of the portal vein is usually secondary to other diseases such as hepatic cirrhosis, intravenous invasion of primary carcinoma of the liver, carcinoma of the pancreas and pylephlebitis. Occlusion of portal vein or its branches generally does not produce ischaemic infarction but instead reduced blood supply to hepatic parenchyma causes non-ischaemic infarct called infarct of Zahn. Obstruction of the hepatic artery or its branches, on the other hand, caused by arteritis, arteriosclerosis, bland or septic emboli, results in ischaemic infarcts of the liver.
G/A Ischaemic infarcts of the liver are usually anaemic but sometimes may be haemorrhagic due to stuffing of the site by blood from the portal vein. Infarcts of Zahn (non-ischaemic infarcts) produce sharply defined red-blue area in liver parenchyma.
M/E Ischaemic infarcts show characteristics of pale or anaemic infarcts as in kidney or spleen.
SHOCK 
    Shock is defined as a clinical state of cardiovascular collapse characterised by:
■ an acute reduction of effective circulating blood volume; and
■ an inadequate perfusion of cells and tissues.
The end result is hypotension and cellular hypoxia and, if uncompensated, may lead to impaired cellular metabolism and death. Shock may be of 2 main types:
PRIMARY OR INITIAL SHOCK. It is transient and usually a benign vasovagal attack resulting from sudden reduction of venous return to the heart caused by neurogenic vasodilatation and consequent peripheral pooling of blood. The attack usually lasts for a few seconds or minutes.
SECONDARY OR TRUE SHOCK. This is the form of shock which occurs due to haemodynamic derangements with hypoperfusion of the cells. This type of shock is the true shock which is commonly referred to as 'shock' if not specified.
Etiology and Classification 
Shock is classified into 3 main etiologic forms:
1. HYPOVOLAEMIC SHOCK. Reduction in blood volume induces hypovolaemic shock. The causes of hypovolaemia include the following:
i) Severe haemorrhage (external or internal) e.g. in trauma, surgery.
ii) Fluid loss e.g. in severe burns, crush injury to a limb, persistent vomitingsand severe diarrhoea causing dehydration.
2. SEPTIC SHOCK. Severe bacterial infections or septicaemia induce septic shock. The predominant causes are as under:
i) Gram-negative septicaemia (endotoxic shock) e.g. infection with E. coli, Proteus, Klebsiella, Pseudomonas and bacteroides. Endotoxins of gram-negative bacilli have been implicated as the most important mediator of septic shock.
ii) Gram-positive septicaemia (exotoxic shock) is less common e.g. infection with streptococci, pneumococci.
Lysis of gram-negative bacteria releases endotoxin, a lipopolysaccharide (LPS), into circulation where it binds to lipopolysaccharide-binding protein (LBP). The complex of LPS-LBP binds to CD14 molecule on the surface of the monocyte/macrophage which in turn is stimulated to elaborate tumour necrosis factor-a (TNF-α). TNF-α induces septic shock by endothelial cell injury.
3. CARDIOGENIC SHOCK. Acute circulatory failure with sudden fall in cardiac output from acute diseases of the heart without actual reduction of blood volume (normovolaemia) results in cardiogenic shock. The causes are:
i)  Deficient emptying e.g. myocardial infarction, rupture of the heart, cardiac arrhythmias
ii  Deficient filling e.g. cardiac tamponade from haemopericardium
iii) Obstruction to the outflow e.g. pulmonary embolism, ball valve thrombus.
    Pathogenesis 
    There are 2 basic features in the pathogenesis of shock:
1. REDUCED EFFECTIVE CIRCULATING VOLUME. It may result by either of the following mechanisms:
i) by actual loss of blood volume as occurs in hypovolaemic shock; or
ii) by decreased cardiac output without actual loss of blood (normovolaemia) as occurs in cardiogenic shock and septic shock.
2. TISSUE ANOXIA. Following reduction in the effective circulating blood volume from either of the above two mechanisms and from any of the etiologic agents, there is decreased venous return to the heart resulting in decreased cardiac output. This consequently causes reduced supply of oxygen to the organs and tissues and hence tissue anoxia, and shock ensues. In contrast to hypovolaemic and cardiogenic shock, patients in septic shock have hyperdynamic circulation due to peripheral vasodilatation and pooling of blood, as well as there is increased vascular permeability. This  results in reduction of effective circulating blood volume, lowered cardiac output, reduced blood flow (hypotension) and inadequate perfusion of cells and tissues. Disseminated intravascular coagulation (DIC) is prone to develop in septic shock due to endothelial cell injury by toxins.
    Stages of Shock 
    Deterioration of the circulation in shock is a progressive phenomenon and can I   be divided arbitrarily into 3 stages:
1. NON-PROGRESSIVE (INITIAL, COMPENSATED  REVERSIBLE) SHOCK. In the early stage of shock, an attempt is made to maintain adequate cerebral and coronary blood supply by redistribution of blood so that the vital organs (brain and heart) are adequately perfused and oxygenated. This is achieved by activation of various neurohormonal mechanisms causing wide​spread vasoconstriction and by fluid conservation by the kidney. If the condition that caused the shock is adequately treated, the compensatory mechanism may be able to bring about recovery and re-establish the normal circulation.
2. PROGRESSIVE DECOMPENSATED SHOCK. This is a stage when the patient suffers from some other stress or risk factors (e.g. pre-existing cardiovascular and lung disease) besides persistence of the shock so that there is progressive deterioration. The effects of progressive decompensated shock due to tissue hypoperfusion are as under:
a) Pulmonary hypoperfusion with resultant tachypnoea and adult respiratory distress syndrome.
b) Tissue anoxia causing anaerobic glycolysis results in metabolic lactic acidosis. Lactic acidosis lowers the tissue pH which in turn makes the vasomotor response ineffective. This results in vasodilation and peripheral pooling of blood.
3. DECOMPENSATED (IRREVERSIBLE) SHOCK. When the shock is so severe that in spite of compensatory mechanisms and despite therapy and control of etiologic agent which caused the shock, no recovery takes place, it is called decompensated or irreversible shock. Its effects due to widespread cell injury include the following:
a) Progressive fall in the blood pressure due to deterioration in cardiac output attributed to release of myocardial depressant factor (MDF).
b) Severe metabolic acidosis due to anaerobic glycolysis.
c) Respiratory distress due to pulmonary oedema, tachypnoea and adult respiratory distress syndrome (ARDS).
d) Ischaemic cell death of brain, heart and kidneys due to reduced blood supply to these organs.
    Clinically, at this stage the patient has features of coma, worsened heart function and progressive renal failure due to acute tubular necrosis.
    A number of hypotheses or factors have been described in irreversibility of shock, with tissue anoxia occupying the central role. These are as under: i) Persistence of widespread vasoconstriction, ii) Vasodilatation and increased vascular permeability, iii) Myocardial ischaemia, iv) Cerebral ischaemia, v) Vasodepressor material (VDM), vi) Tumour necrosis factor (TNF), vii) Intestinal factor, viii) Bacterial factor, ix) Hypercoagulability of blood.
    Morphologic Complications in Shock 
    Shock is associated with specific changes in a number of organs, including acute tubular necrosis of the kidney, acute respiratory distress syndrome, liver failure, depression of host defense mechanisms, and heart failure.
The Heart
    The heart shows petechial hemorrhages of the epicardium and endocardium. Microscopically, necrotic foci in the myocardium range from the loss of single fibers to large areas of necrosis. Prominent contraction bands are visible by light microscopy but are better seen by electron mi​croscopy. Ultrastructurally, flattened areas of the inter​calated disk are a sign of cell swelling and invagination of adjacent cells is considered a catecholamine-induced lesion.
The Kidney
    Acute tubular necrosis (acute renal failure), a major com​plication of shock, has been divided into three phases: (1) the initiation phase, from the onset of injury to the beginning of renal failure; (2) the maintenance phase, from the onset of renal failure to a stable, reduced renal function; and (3) the recovery phase. In those who sur​vive an episode of shock, the recovery phase begins about 10 days after its onset and lasts up to 8 weeks.
    Renal blood flow is restricted to one third of normal following the acute ischemic phase, an effect that is even more severe in the outer cortex. The constriction of arte​rioles reduces the filtration pressure, thereby reducing the amount of filtrate and contributing to oliguria. Interstitial edema occurs, possibly through a process termed back-flow. Excessive vasoconstriction is also believed to be re​lated to stimulation of the renin-angiotensin system.
    During acute renal failure the kidney is large, swol​len, and congested, although the cortex may be pale. Cross section reveals blood pooling in the outer stripe of the medulla. Microscopically, fully developed acute tu​bular necrosis is evidenced by dilatation of the proximal tubules and focal necrosis of cells. Frequently, pigmented casts in the tubular lumina indicate leakage of hemoglo bin or myoglobin. Coarse, "ropy" casts are seen in the distal nephron and distal convoluted tubules. Interstitial edema is prominent in the cortex, and mononuclear cells accumulate within the tubules and surrounding intersti-tium. 
The Lung
    Following the onset of severe and prolonged shock, injury to the alveolar wall results in focal or generalized inter​stitial pneumonitis. This condition goes under the name of shock lung and is considered a variety of the adult respiratory distress syndrome. The sequence of changes is mediated by polymorphonuclear leukocytes and in​cludes interstitial edema, necrosis of endothelial cells, microthrombi, and necrosis of the alveolar epithelium.
    The lung is firm and congested, and frothy fluid ex​udes from the cut surface. Interstitial edema is first seen around the peribronchial connective tissue and lymphat​ics, subsequently filling the interstitial connective tissue. In this initial period a large fluid volume drains into the pulmonary lymphatics. If removal of this fluid becomes insufficient, or if the balance of forces that keep the fluid in the interstitial space is disturbed, alveolar edema develops.
    Shock-induced lung injury leads to the appearance of hyaline membranes in the alveoli, which are frequently expelled into the alveolar ducts and terminal bronchioles. These lung changes may heal entirely, but in half of pa​tients the repair processes continue and cause a thicken​ing of the alveolar wall. Type II pneumocytes proliferate to line the alveoli, interfering with gas exchange.       Fibrous tissue proliferation also leads to organization of the al​veolar exudate. These chronic changes may lead to per​sistent respiratory distress and even death. 
The Gastrointestinal Tract
    Shock often results in diffuse gastrointestinal hemor​rhage. Erosions of the gastric mucosa and superficial is​chemic necrosis in the intestines are the usual sources of this bleeding. Interruption of the barrier function of the intestine may be related to the development of septi-
cemia. More severe necrotizing lesions contribute to the deterioration in the final phase of shock.
The Liver
    In patients who die in shock, the liver is enlarged and has a mottled cut surface that reflects marked centrilobular pooling of blood. The most prominent histologic lesion is centrilobular congestion and necrosis. The cells in the cen​ter of the lobule are the most distant from the blood sup​ply that comes from the portal tracts and are, therefore, presumably more vulnerable to circulatory disturbances. Hypoxia of the liver leads to the development of cyto​plasmic vacuoles, which represent dilated cisternae of the endoplasmic reticulum. An increase in intracellular fat is consistently noted in persons who have survived shock.
The Pancreas
    The splanchnic vascular bed, which supplies the pan​creas, is particularly affected by impaired circulation dur​ing shock. The resulting ischemic damage to the exocrine pancreas unleashes activated catalytic enzymes from exo​crine pancreas and causes acute pancreatitis, a compli​cation that further promotes shock.
Host Defenses
    The alterations of the immunologic system and host de​fenses in shock are not well defined, although it is com​mon for patients who survive the acute phase to succumb to subsequent overwhelming infection. It may well be that several factors interact, namely ischemic colitis, tissue trauma, suppression of the immune system, and meta​bolic suppression of host defenses. Humoral immunity and phagocytic activity by leukocytes and mononuclear macrophages are both depressed, but the mechanisms un​derlying these effects are not clear.
The Brain
    Brain lesions are rare in shock. Occasionally, microscopic hemorrhages are seen, but patients who recover do not display neurologic deficits. In severe cases, particularly in persons with cerebral atherosclerosis, hemorrhage and necrosis may appear in the overlapping region between the terminal distributions of major arteries, so-called watershed infarcts.
The Adrenals
    In severe shock the adrenal glands exhibit conspicuous hemorrhage in the inner cortex. Frequently, this hemor​rhage is only focal. However, it can be massive and ac​companied by hemorrhagic necrosis of the entire gland, as seen in the Waterhouse-Friderichsen syndrome, typically associated with overwhelming men​ingococcal septicemia.
    Clinical Features 
    The classical features of decompensated shock are characterised by depression of 4 vital processes:
■ Very low blood pressure
■ Subnormal temperature
■ Feeble and irregular pulse
■ Shallow and sighing respiration
    In addition, the patients in shock have pale face, sunken eyes, weakness, cold and clammy skin. Renal dysfunction in shock is clinically characterised by a phase of oliguria due to ATN and a later phase of diuresis due to regeneration of tubular epithelium. Haemoconcentration is present in early oliguric phase while marked electrolyte imbalance occurs in diuretic phase. With progression of the condition, the patient may develop stupor, coma and death.
Disseminated Intravascular Coagulation
    Disseminated intravascular coagulation (DIC) is a serious and often fatal acquired disorder. The consumption of platelets and coagulation factors results in a serious hem​orrhagic diathesis accompanied by widespread ischemic changes secondary to microvascular fibrin thrombi. DIC typically occurs as a complication of massive trauma, sep​ticemia from numerous organisms, and obstetric emer​gencies. It is also associated with metastatic cancer, he​mopoietic malignancies, cardiovascular and liver disease, and numerous other conditions.
    Pathogenesis: The central event in the initiation of DIC is the activation of the intrinsic or extrinsic clot​ting cascades within the vascular compartment by tissue injury or damage to the endothelium, or both. The ini​tiation of blood clotting by either pathway is mediated by the activation of factor X. Factor X is ac​tivated in the extrinsic pathway by the product (Vila) of the binding of tissue factor to factor VII. In the intrinsic pathway, contact with a negatively charged cell surface activates factor XII, initiating a cascade that eventually converts factor IX to factor IXa, which in turn activates factor X. Whatever the mechanism of activation of factor X and the consequent uncontrolled intravascular coagu​lation, the delicate balance between coagulation and fi​brinolysis is disrupted. This event leads to the consump​tion of clotting factors, platelets, and fibrinogen and a consequent hemorrhagic diathesis. 
    Procoagulant tissue factor is released into the circu​lation following injury in a variety of circumstances, in​cluding direct trauma, brain injury, and obstetric acci​dents such as premature separation of the placenta. Bacterial endotoxin also stimulates macro​phages to release tissue factor. Certain neoplasms are as​sociated with DIC, owing to the release of tissue factor by the cancer cells. As a consequence of the activation of the clotting cascade, intravascular fibrin is deposited as mic-rothrombi in the smallest blood vessels. The stimulation of the fibrinolytic system by fibrin generates fibrin split products that possess anticoagulant properties and con​tribute to the bleeding diathesis.
    Endothelial injury plays an important role in the pathogenesis of many cases of DIC. The normal endothelium has anticoagulant properties and shields platelets om activation by contact with the subendothelial conective tissue. The anticoagulant roperties of the endothelium are impaired by widely irying injuries, including (1) tumor necrosis factor in "gram-negative sepsis; (2) other inflammatory mediators, which as activated complement, IL-1, or neutrophil proteases; (3) viral or rickettsial infections; and (4) trauma e.g., burns. As a result, platelet aggregates form in the microvasculature.
    Pathology and Clinical Features: Arterioles, capillaries, and venules in many parts of the body are icluded by microthrombi composed of fibrin and platelets. However, owing to the enhancement of fibrinolysis, these thrombi may no longer be visualized at the time of autopsy. Microvascular obstruction is associated with widespread ischemic changes, particularly in  brain, kidneys, skin, lungs, and gastrointestinal tract. these organs are also the sites of bleeding, which in the se of the brain and gastrointestinal tract may be fatal.
    Erythrocytes become fragmented (schistocytes) by passage through webs of intravascular fibrin strands, re​sulting in microangiopathic hemolytic anemia. The con​sumption of activated platelets leads to thrombocyto​penia, whereas the depletion of clotting factors is reflected in a prolongation of the PT and PTT and a de​crease in the plasma fibrinogen level. Plasma fibrin split products prolong the thrombin time.
    The symptoms of DIC reflect both microvascular thrombosis and the bleeding tendency. Ischemic changes in the brain lead to seizures and coma. Depending on the severity of DIC, renal symptoms range from mild azo​temia to fulminant acute renal failure from bilateral cor​tical necrosis. The acute respiratory distress syndrome may supervene, and acute ulcers of the gastrointestinal tract may cause substantial hemorrhage. The bleeding diathesis is evidenced by cerebral hemorrhage, ecchy-moses, and hematuria. Patients with DIC are treated with heparin anticoagulation, to interrupt the cycle of intra​vascular coagulation, and replacement of platelets and clotting factors, to control the bleeding.
NOTE.
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LESSON №8
TOPIC: TISSUE RESPONSES TO DAMAGE. ACUTE INFLAMMATION.
    Inflammation is complex vascular-mesenchymal response of tissue to injury. It is primarily aimed at removing the injurious agent and reparation of damaged tissue. Causes of inflammation:
1. Infection
2. Trauma
3. Physical injury from thenna! extremes or from ionizing radiation
4. Chemical injury
5. Immunologic injury
6. Tissue death -inflammatory changes occur in viable tissue adjacent to necrot​ic areas.
    Inflammation can be focal and diffuse. Sometimes inflammation arises in system of tissues, in that case it is spoken about systemic inflammatory disease (rheumatic diseases at systemic involvement of connective tissue, angiitis).
    In depend on duration an inflammation is distinguished on following types: acute, subacute and chronic.
    Irrespective of the ultimate outcome of tissue damage, the initial response of the tissue is termed acute inflammation or the acute inflammatory reaction. Acute inflammation is typically of short duration, occurring before the immune response becomes established, and it is aimed primarily at removing the injurious agent. Clinically, 5 cardinal signs characterize acute inflammation: rubor (redness due to dilatation of vessels), color (heat due to increased blood flow), tumor (swelling due to extravascular accumulation of fluid), dolor (pain due to increased pressure exerted by the accumulation of interstitial fluid and to mediators such as bradykinin), and functio laesa (loss of function).
    Chronic inflammation is the sum of the responses mounted by tissues against a persistent injurious agent; bacterial, viral, chemical, immunologic, etc.
    Chronic inflammation may follow an acute inflammatory response that fails to vanquish the agent, or it may occur without clinically apparent acute phase. Chronic inflammation is distinguished from acute inflammation by the absence of cardinal signs such as redness, swelling, pain, and increased temperature. It is distin​guished pathologically from acute inflammation by being of duration that is long enough to permit the tissue manifestations of the immune response and repair.
     Chronic inflammation usually occurs in response to an injurious agent that is antigenic, e.g. a microorganism, but may also develop in response to self-antigens released from damaged tissues. The immune response is triggered by the first contact with the antigen but it takes some days to become apparent in the tissue. Local per​sistence of the antigen leads to accumulation of activated T lymphocytes, plasma cells, and macrophages at the site of injury. These cells are the prorriftient cell types in chronic inflammation, that's why effector cells of the immune response are also called chronic inflammatory cells.
    Differentiation of various types of chronic inflammation is based both on the nature of the inciting agent and the subsequent immune response against it.
    Inflammatory reaction develops in territory of histion (a structurally-functional unit of connective tissue).
    Types of inflammatory cells (Fig 8):
a. Neutrophils arc the most prominent inflammatory cells in foci of acute in​flammation during the first several hours.
b. After 1-2 days, neutrophils are replaced largely by monocytes-macrophages, which are capable of engulfing larger particles, are longer-lived, and are capable of dividing and proliferating within the inflamed tissue.
c. Lymphocytes are the most prominent inflammatory cells in many viral infec​tions and along with monocytes- macrophages and plasma cells are the most prom​inent cells in chronic inflammation.
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Fig. 8
d. Eosinophils are the predominant inflammatory cells in allergic reactions and parasitic infestations. 
 Differences between acute and chronic inflammation in Table 16
	
	Acute
	Chronic

	Duration
	Short (days)
	Long (weeks to months)

	Onset
	Acute
	Insidious

	Specificity
	Nonspecific
	Specific (where immune response is activated)

	Inflainmatory cells
	Neutrophils, macrophages
	Lymphocytes, plasma cells, macrophages, fibroblasts

	Vascular changes
	Active vasodilation, increased permeability
	New vessel formation (granulation tissue)

	Fluid exudation and edema
	+
	-

	Cardinal clinical signs (redness, heat, swelling, pain)
	+
	-

	Tissue necrosis
	- (Usually) + (Suppurative and necrotizing inflammation)
	+ (Ongoing)

	Fibrosis (collagen deposition)
	-
	+

	Operative host responses
	Plasma factors: complement, immunoglobulins, properdin, etc; neutrophils, nonimmune phagocytosis
	Imruune response, phago​cytosis, repair

	Systemic manifestations
	Fever, often high
	Low-grade fever, weight loss, anemia

	Changes in peripheral blood
	Neutrophil leukocytosis; lym​phocytosis (in viral LolcClioiis)
	Frequently none; variable leukocyte changes, increased plasma immunoglobulin


Table 16
    The acute inflammatory reaction consists of following phases: 1) alteration (dam​age), 2) exudation and 3) proliferation.
    Alteration represents an initial phase of inflammation, it is accompanied by emis​sion of mediators by tissue basophiles, formation of products of biodegradation of collagen. Exudation accompanies by the vascular and cellular responses briefly, the stages are:
1. Small blood vessels adjacent to the area of tissue damage initially become dilated with increased blood flow, and then flow along them slows down. Changes are the rheological properties of blood.
2. Endothelial cells swell and partially retract so that they no longer form a com​pletely intact internal lining. A viscosity of basal membranes changes from condition of gel in sol (phenomenon of thixotropy).
3. The vessels become leaky, permitting the passage of water, salts, and some small proteins from the plasma into the damaged area (exudation). One of the main proteins to leak out is the small soluble molecule, fibrinogen.
4. Circulating neutrophil polymorphs initially adhere to the swollen endothelial cells (margination), and then actively migrate through the vessel base mentmembrane (emigration), passing into the area of tissue damage. This process is shown on the electronogramm inflammation, emigration of segmentonuclear leukocytes)).
5. Later, small numbers of blood monocytes (macrophages) migrate in a similar way, as do lymphocytes.
    The basic mechanism of blood plasma components transport in exudation proc​ess includes: pinocytosis (transport of liquid components), insudation (egress of plasma proteins), leycodiapedesis (migration of mobile forms of blood), erythrodiapedesis (erythrocytes arc not capable to self-dependent migration; they enter an inflamed area passively- in contrast to the active process of leukocyte emigration. Red blood cells are pushed out of the vessel by hydrostatic pressure through the widened inter​cellular junctions behind emigrating leukocytes).
    Proliferation characterizes by multiplication of cells in area of the inflammation (neoangiogenesis, fibrils genesis, formation of stopgap body - granulation tissue, which is directed on recovery of the injured tissue).
     Depending on predominance of some phases of inflammation there the following kinds of an inflammation are distinguished: exudative and proliferative (productive).
    Exudative inflammation is characterized by predominance of process of exuda​tion with the advent of exudate in zone of the inflammation. Depending on character of exudate the following kinds of exudative inflammation are distinguished: serous, fibrinous, purulent, hemorrhagic, and mixed. Besides independent forms there are al​located: putrid(gangrenous, ichorous)- at connection of decomposer to any form of bacterias, catarrhal (an inflammation developing on mucous membranes).
    The serous inflammation is characterized by formation of serous exudate, which contains from 3 up to 8 % of protein (mainly scrum albumin). The serous exudate can impregnate tissue of many bodies (skin, myocardium, liver), mucous membranes (se​rous catarrh), and serous membranes, can collect in serous cavities (serous pleurisy. pericarditis, peritonitis, arthritis). The serous inflammation proceeds sharply. An outcome of serous inflammation usually is favorable. Importance of serous inflam​mation for an organism is determined by localization and quantity of exudation. In the pericardial cavity the exudate makes difficulties for work of heart and can cause cardiac decompensation, it can limit mobility in a joint cavity, in a pleural cavity - to cause collapse of the lung (atelectasis).
    Fibrinous inflammation is characterized by formation of exudate, which is rich in fibrinogen. The fibrinogen passes out from vessels with the fluid and salts, polymer​izing into insoluble fibrin threads once outside the vessel lumen, by activation of the blood coagulation cascade. This form of an inflammation localizes on mucous and serosal membranes (surface of the pericardium, pleura or peritoneum) usually, rarely in thickness of body (lung). Depending on character of an attachment of fibrinous pellicle (membrane) to underlying tissues in locus of an inflammation, they are dis​tinguished: croupous and diphtheritic inflammation.
    At the croupous inflammation necrosis of subjacent tissues is superficial, shallow; the formed fibrinous pellicle of exudate skims easily. At the diphtheritic inflammation necrosis of subjacent tissues develops deep owing to deep impregnation of tissues by fibrinous exudate, compression of vessels with development of tissues ischemia in site of inflammation. The pellicle of exudate is consolidated strongly with subjacent tissues, its tearing away results in defect formation. Development of croupous or diphthentic kind of fibrinous inflammations also depends on character epithelial covering of the inflamed site. On the mucous membranes covered by stratified squamous epithelium, usually the pellicle is connected to subjacent tissues densely, and on the mucous mem​branes covered by columnar epithelium it separates easily.
    Examples of fibrinous inflammation in some organs:

    Fibrinous pericarditis
G/A Fibrinous pericarditis («shaggy (hairy) heart»): the visceral layer of pericardium is thickened, lacklustre with «shaggy» surface. This shaggy appearance is due to the predominance of fibrin in the exudate. Infiltration by neutrophils causes yellow discoloration. The exudate destroys the normal, smooth surfaces of the pericardial cavity, and its presence can be detected clinically on auscultation, when a scratching noise can be heard with every heartbeat (pericardial friction rub). In an outcome of fibrinous pericarditis the commissures form between pericardium layers because of fibroblasts grow through the deposited masses of fibrin. It results in an obliteration of pericardium cavity. Some​times sclerosed layers petrify (dystrophic calcification) or ossify, as result “stone heart” is occurs. 
M/E: epicardium is irregularly thickened due to accumulation of fibrinous exudate. The subjacent tissues are plethoric, hydropic, infiltrated by neutrophil polymorphs. 
    Croupous (lobar) pneumoniae 
M/E al​veoli are airless, diffusely filled with acute inflammatory exudate, which contains net​work of fibrin and leucocytes (stage of gray hepatization).
    When neutrophils dominate the composition, and material is liquefied to form pus, the exudate is termed purulent. It is produced more often by a pyogenic microflora (staphylococcus, streptococcus, gonococcus, meningococcosis). By morphology there are 3 basic types of a purulent inflammation: а) an abscess - a focal purulent inflammation with formation of the cavity filled with pus. If an area of tissue necrosis is extensive, and the cause is a pus-forming (pyogenic) bacterium, an acute abscess may form. An abscess is a mass of necrotic tissue, with dead and viable neutrophils, suspended in the fluid products of tissue breakdown by neutrophil enzymes. In its early stages it is surrounded by a layer of acute inflamma​tory exudate, and is called an acute abscess. At this stage it may continue to enlarge if the bacteria are able to survive, proliferate and cause necrosis.
If the acute abscess only slowly or not enlarges at all, the acute inflammatory exudate forming the wall of the abscess is gradually replaced by scar tissue. The central area of damaged tissue is not eradicated, and the central debris still contains viable proliferating bacteria, which remain capable of causing tissue damage; this is a chronic abscess. The forming wall of a chronic aoscess consists of 3 layers: internal- pyogenic membrane, medium- granulftion tissue, external- fibrous (scar) tissue. The tunics of a chronic abscess arise around acute abscess for 4 weeks (Table 2). b) an empyema - a purulent inflammation in a previous cavity (which is more often serous (pericardium, pleural cavity), some timrs in appendix, gall-bladder), c) a phlegmon - a diffuse purulent inflammation (which is more often in soft tissue). Chronic purulent inflammation frequently results in such lethal complications as: а) amyloidosis, b) sepsis, c) cachexia. 
    Examples of purulent inflammation in some organs and tissues:
    Purulent interstitial nephritis:
G/A Kidney is a little bit increased in sizes. The cut surface of the kidney shows the miliary small areas grayish-yellow color in the cortex and medulla (the areas of a purulent inflammation - abscesses). 
    Purulent leptomeningitis
G/A The subarachnoid spase contains a cream-coloured acute inflammatory exudate. The sulci and gyri of cerebrum are smoothed. Such changes are mainly caused by meningococcosis.
M/E Arachnoid membrane and pia mater are thickened sharply and infil​trated diffusely by polymorphonuclear leukocytes. The membranes vessels are dilat​ed, plethoric. In brain substance it is expressed perivascular and pericellular edema. 
    Colitis at the dysentery

G/A Wall of the large intestine is sharply thick​ened; its mucous membrane is covered with graish-ycllow pellicle of purulent exu​date, consisting from numerous dead lost polymorphonuclear leukocytes. Such chang​es are mainly caused by Shigella infection.
Chronic lung absces
G/A In ihe locus of purulent inflammation as a result of fusion necrosed tissue a cavity is formed, containing pus.
    Hemorrhagic inflammation is characterized by exudate, containing a large quanti​ty of erythrocytes. It meets in various bodice and tissues; not rarely hemorrhagic exudate collects in serous cavities. it proceeds hardly more often and is met in such infectious contaminations as: а) a malignant anthrax, b) a plague, c) a flu. 
    Examples of purulent inflammation in some organs and tissues:
    Carbuncle at the anthrax
G/A On skin a local inflammation as a swelling intumescence with expressed perifocal edema of surrounding tissues. On its surface there is a hemorrhagic scab of dark red color. 
    Hemorrhagic pneumonia: 
M/E The alveolar septums became thick​er due to plethoric capillaries. The pulmonary alveoli are filled with hemorrhagic exudate. Such picture is characteristic for influenza and primary plague pneumonia.
Putrid inflammation (gangrenous, ichorous) -it arises in apposition of putrefactive bacteria, therefore it is observed more often in the tissues adjoining with an external environment (extremities).
Catarrhal inflammation - arises only on mucosas, it can be acute (serous, purulent, mucous, hemorrhagic) and chronic (atrophic, hypertrophic).
Mixed exudative inflammation develops when to one kind of exudate another is added. Usually it is serohemorrhagic, mucopurulent, fibrinopurulent or fibrinohemorrhagic inflammation.
Types of acute inflammation in Table 17.
	Type
	Features
	Common Causes

	Classic type
	Hyperemia; exudation with
fibrin and neutrophils;
neutrophil leukocytosis
in blood
	Bacterial infections;
response to cell necrosis
of any cause

	Acute inflammation
Without neutrophils
	Paucity of neutrophils in
exudate; lymphocytes and
plasma cells predominant;
neutropenia, lymphocytosis
in blood
	Viral and rickettsial
infections (immune
response contributes)

	Allergic acute
inflammation
	Marked edema and
numerous eosinophils;
eosinophilia in blood
	Certain hypersensitivity
immune reactions

	Serous inflammation
(inflammation in body
cavities)
	Marked fluid exudation
	Burns; many bacterial
infections

	Catarrhal inflammation
(inflammation of mucous
membranes)
	Marked secretion of mucus
	Infections, eg, common
cold (rhinovirus); allergy
(eg, hay fever)

	Fibrinous inflammation
	Excess fibrin formation
	Many virulent bacterial
infections

	Necrotizing
inflammation,
hemorrhagic
inflammation
	Marked tissue necrosis and
Hemorrhage
	Highly virulent organisms
(bacterial, viral, fungal),
eg, plague (Yersinia
pestis), anthrax (Bacillus
anthracis), herpes simplex
encephalitis.
mucormycosis

	Membranous
(pseudomembranous)
inflammation
	Necrotizing inflammation
involving mucous
membranes. The necrotic
mucosa and inflammatory
exudate form an adherent
membrane on the mucosal
surface
	Toxigenic bacteria, eg.
diphtheria bacillus
(Corynebacterium
diphtheriae) and
Clostridium difficile

	Suppurative (purulent)
inflammation
	Exaggerated neutrophil
response and liquefactive
necrosis of parenchymal
cells; pus formation. Marked
neutrophil leukocytosis in
blood
	Pyogenic bacteria, eg.
staphylococci.
streptococci, grnm-
negative
bacilli, anaerobes


Table 17
    Under favorable circumstances the acute inflammatory reaction is adequate to deal with a damaging event and to prepare the ground for healing. The outcome of the reaction depends upon the removal of the inflammatory exudate, and its replace​ment either by regenerated cells of the original type (restitution) or by scar tissue (fibrous repair).
    The acute inflammatory response is aimed at neutralizing or inactivating the agent causing the injury. There are several possible outcomes:
1. Resolution: In uncomplicated acute inflammation, tissue returns to normal in process of resolution, in which the exudate and cellular debris are liquefied and re​moved by macrophages and lymphatic flow. As a result normal function can be re​gained. Resolution is obviously the best possible outcome but, unfortunately, it is not common.
2. Repair: When tissue necrosis has occurred before the agent is neutralized, repair ensues, and dead cells are either replaced by regeneration or repaired by scar formation.
3.  Tissue destruction and persistent acute inflammation:
a. Suppuration: Exaggerated emigration of neutrophils with liquefactive necro​sis occurs in virulent bacterial infections (suppurative inflammation). The lique​fied mass of necrotic tissue (in result from tissue destruction by lysosomal prod​ucts and other degradative enzymes) and neutrophils is called pus. When area of suppuration becomes walled off, abscess results.
b. Ulcer is the loss of surface epithelium. It can be caused by acute inflamma​tion of epithelial surfaces (e.g., peptic ulcer, ulcers of the skin).
c. Fistula is abnormal communication between two organs or between an or​gan and a surface.
4. Conversion to chronic inflammation: When the noxious agent is not neutral​ized by the acute inflammatory response, the body mounts an immune response, which leads to chronic inflammation.
NOTE.
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LESSON №9
TOPIC: PRODUCTIVE INFLAMMATION: INTERSTITIAL, GRANULOMATOUS, WITH POLYPS FORMATION
    Productive inflammation is characterized by predominance of cellular elements of histiogenic and hematogenic origin in the inflammations focus. Proliferation of cells results forming of cells infiltrates. Histiogenic cells are: fibroblastes, endothelial and adventitional cells. Hematogenic cells contain: lymphocytes, monocytes, and macro​phages. Hyperactivity of fibroblasts leads to scarring and distortion of tissue archi​tecture. Often sclerosis or cirrhosis develops in outcome of productive inflammation.
    Morphologic types of productive inflammation:
I. Interstitial (nongranulomatous) chronic inflammation.
II. Granulomatous inflammation,
III. Inflammation with forming polypi and condylomas acuminata.
I. Interstitial (nongranulomatous) chronic inflammation is characterized by the accumulation of sensitized lymphocytes (specifically activated by antigen), plasma cells, and macrophages in the injured area in intcrstitium of parenchymal organs (myocardium, liver, kidneys). These cells are scattered diffusely throughout the tis​sue, however, and do not form granulomas. Scattered necrosis and strongly pro​nounced dystrophic degeneration of parenchymal elements are common.
    Nongranulomatous chronic inflammation represents a composite of several dif​ferent types of immune response due to different antigenic agents.
a. Chronic viral infections - Persistent infection of parenchymal cells by viruses evokes an immune response whose main components are a B cell response and a T cell cytotoxic response. The affected tissue shows accumulation of lymphocytes and plasma cells that produce cytotoxic effects on the cell containing the viral antigen, causing cell necrosis. Ongoing parenchymal cell necrosis is associated with repair characterized by fibroblast proliferation and deposition of collagen.
b. Chronic autoimmune diseases - A similar type of immune response mediated by cytotoxic antibody and killer T cells occurs in several autoimmune diseases. The antigen involved is a host cell molecule that is perceived as foreign by the immune system. The pathologic result is similar to the nongranulomatous chronic inflamma​tion seen in chronic viral infections, with cell necrosis, fibrosis, and lymphocytic and plasma cell infiltration of the tissue.
c. Chronic chemical intoxications - Persistent toxic substances such as alcohol produce chronic inflammation, notably in the pancreas and liver. The toxic substance is not antigenic, but by causing cell necrosis it may result in alteration of host mole​cules so that they become antigenic and evoke an immune response. The features of cell necrosis and repair by fibrosis in such cases dominate the features of the immune response. In many cases of alcoholic chronic pancreatitis, the lymphocytic and plas​ma cell infiltration is slight.
d. Chronic nonviral infections - A specific type of nongranulomatous chronic inflammation is seen with certain microorganisms that 1) survive and multiply in the cytoplasm of macrophages after direct phagocytosis and 2) evoke a very ineffective T cell response. This type of infection is characterized by the accumulation of large num​bers of foamy macrophages in the tissue. The macrophages are present diffusely in the tissue without aggregating into granulomas. The ability of the macrophage to kill the organism is limited because of the poor T cell response, permitting the organisms to multiply in the cell. Typically, large numbers of organisms are present in the cyto​plasm of the macrophages. The main defense appears to be direct phagocytosis by the macrophages. Variable numbers of plasma cells and lymphocytes may be present. Accumulation of infected macrophages in the tissue causes nodular thickening of the affected tissue, a clinical feature that is typical of this type of chronic inflammation.
     Leprosy is a good example of how the immune response modulates the type of chronic inflammation that occurs. In patients with a high level of T cell responsive​ness against the leprosy bacillus, epithelioid granulomas are formed and the multipli​cation of the organism is effectively controlled (tuberculoid leprosy). In patients with a low level of T cell responsiveness, the organism multiplies unimpeded in macro​phages, which accumulate diffusely in the tissue leading to progressive disease (lepromatous leprosy).
e. Allergic inflammation and metazoal infections- Eosinophils typically are present in acute hypersensitivity reactions and accumulate in large numbers in tissues subject to chronic or repeated allergic reactions. It is believed that eosinophils may have evolved as a defense against infection with various metazoai parasites.
II. Granulomatous chronic inflammation is characterized by form of granulomas (nodules) in result of proliferation and transformation of cells, which are able to phagocytosis.
    Monocytes take part mainly in granulomas formation (Fig 8). They fission once in in​flammations site, and then transform in macrophages. Macrophages are transformed in epithelioid cells 7 days later. Epithelioid cells are activated macrophages that ap​pear on microscopic examination as large cells with abundant pale, foamy cytoplasm; they are called epithelioid cells because of a superficial resemblance to epithelial cells. Epithelioid cells appear to have enhanced abilities to secrete lysozyme and a variety of enzymes but decreased phagocytic potential. 14 days later some of the epithelioid cells transform due to aborted fission and fuse to form large multinucleate cells (mac​rophage polykaryons) with many nuclei (10-50) arranged around the periphery, and a large central cytoplasmic mass. These giant macrophages are called Langhans' cells. After 21 days Langhans-type giant cells change into multinucleate foreign body giant cells which are characterized by numerous nuclei dispersed throughout the cell rather than arranged around the periphery, as occurs in Langhans-type giant cells. Granu​lomatosis demonstrates failure of macrophages system under conditions when per​sistent inflammations activator (antigene) is settled in tissues. 
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    Morphogenesis of granuloma consist of the following four stages: 1) accumula​tion of monocytic macrophages, 2) maturing of these cells in macrophages with for​mation of a macrophage granuloma, 3) transformation in an epithelioid cell granulo​ma, 4) transformation in foreign body granuloma. Granulomas are usually surrounded by lymphocytes, plasma cells, fibroblasts, and collagen. 
   Fig 8.
    Epithelioid cell granulomas form when two conditions are satisfied: 1) When mac​rophages have successfully phagocytosed the injurious agent but it survives inside them. The abundant pale, foamy cytoplasm reflects the presence of extensive rough endo​plasmic reticulum (secretory function). 2) When an active T lymphocyte-mediated cel​lular immune response occurs. Lymphokines produced by activated T lymphocytes inhibit migration of macrophages and cause them to aggregate in the area of injury and form granulomas.
    There are distinguished following types of granulomas depending on their eti​ology:
1) Infections granulomas, which can be caused by virus, Rickettsia, bacteria, fungi, protozoa, tissues helminthes. There are more often such parasitosises as a trichinosis, echinococcosis, hydatid disease, cysticercosis. The trichinosis usually arises when we eat up pork, crossly striatal muscles are striked and the lesion of respiratory musculation is especially dangerous.  Ehinococcosis  is invoked(produced) by a measly flesh/meat of  echinococcus (class tenial worms, family tapeworm); The are 2 forms of disease: а) hydatidiform (unicameral), b) alveolar (multicompartment), in all forms of disease it is always involve liver, infestation is more often from dogs. The cysticercosis more often affects: а) brain, b) eye, c) muscles, d) hypodermic cellulose. As the special form of illness mark out the boughy (racemose) form of the cysticercosis affecting a meninx, and the puberal form of the cysticercosis lives in the intestine of the person.
2) Noninfectious granulomas. When foreign material that is large (so large as to preclude phagocytosis by a single macrophage), inert (incites no inflammatory re​sponse), and nonantigenic (incites no immune response) enters a tissue and persists there, foreign body granulomas form. Nonantigenic material, which includes sutures, talc particles, and inert fibers, is removed by macrophages through nonimmune phago​cytosis. Macrophages aggregate around the phagocytosed particles and form granu​lomas.                                                                     \
3) Unknown etiology, typical of sarcaidosis, Crohn's disease (regional ileitis), Wegner's disease (necrotizing respiratory granulomatosis), xanthogranulomatous, idiopathic granulomatosis.
    There are distinguished following types of granulomas depending on their mech​anism of development: 1) immune (due to hypersensivity reactions) and nonimmune (infection - toxic).
    Granulomatous chronic inflammation underlies granulomatous diseases, which are foot up to more 70 nosological forms. However their number continues to grow.
    Some of bacterial diseases accompanied by a chronic inflammatory granuloma​tous response are characterized by feature to reveal in histologic cuts the causative organism with use of special stains (the M. tuberculosis by acid fuchsine, the Trepone​ma pallidum - a method of silvering, Hansen's bacillus - by acid fuchsine, etc.). These include: tuberculosis, a syphilis, leprosy (Hansen's disease), glanders, scleroma. For this granulomas there are typical: 1) a change of tissue reactions caused by alteration of the immunological status of an organism; 2) predominance of productive tissue reaction with granulomas formation typical for each kind of an activator; 3) develop​ment of necrotic process in the inflammation course; 4) marked clinicopathologic polymorphism, 5) chronic wavy current.
    In many infectious granulomas (eg, those due to a specific microorganism), central caseous necrosis is a common feature. On macroscopic examintion, caseous material appears yellowish-white and resembles crumbly cheese; on microscopic examination, the center of the granuloma is finely granular, pink, and amorphous. A similar form of necrosis called gummatous necrosis occurs in syphilis except that the gross characteris​tics display a more rubbery consistency (hence the term gummatous).
    The most striking example of infectious granulomatous inflammation caused by bacteria, is the inflammation caused by M. tuberculosis.
    Miliary tuberculosis of lung:
G/A  If drainage is in the pulmonary artery, miliary dissemination into the lung occurs. This cut of the lung shows numer​ous tiny yellow-white dots. Each of these is a small caseating tuberculous granuloma caused by bloodstream spread.
M/E Shows the histological appearances of miliary TB in the lung; there are many small early tubercles. The structure of typical tuberculous granuloma: a collection of large, activated macrophages lies around the central area of caseous necrosis. Histologically, this functional activation is a mani​fest of the presence of bulky pale-staining granular cytoplasm, which is rich in endo​plasmic reticulum, with a prominent Golgi (epithelioid cells). Some of the activated macrophages cells fuse to form large multinucleate cells (macrophage polykaryons) with many nuclei arranged around the periphery, and a large central cytoplasmic mass (Langhans' cells). A collar oflymphocytes lies around the zone of macrophages bordering the central caseous necrosis, reflecting the immunological response to the presence of mycobacteria.
    Leprous granuloma (M. leprae) is most closely showed at the tuberculoid lepro​sy. The skin lesion is characterized histologically by epithelioid cell granulomas, which consists of numerous lymphocytes, plasmocytes, macrophages (Virchow's cells) with vast numbers of proliferating organisms (Hansen's bacillus), and fibroblasts.
    Granulomas appear in the tertiary stage of syphilis. They hare known as «gum-mas». A gumma is a localized destructive granuloma. It may occur anywhere but is more common in the skin, liver, bones, oral cavity, and testes.
    Liver gumma
G/A Shows a focus of caseous necrosis (pale area) surrounded by granulation tissue with small blood vessels. Gummas resolve to scar. Syphilitic aortitis occurs in the tertiary stage of syphilis.
    Syphilitic mesaortitis

M/E Gummatous infiltration is situated between adventitia and aortic media. Activated macrophages, fibroblasts, and lymphoid cells including plasma cells present it. The vasa vasorum are primarily involved by inflam​mation and luminal narrowing due to intimal fibrosis (endarteritis obliterans). Ischemia leads to degeneration and fibrosis of the outer two thirds of the aortic me​dia, which is supplied by the vasa vasorum. There is compensatory irregular fibrous thickening of the intima (tree-bark appearance). The ascending thoracic aorta is maximally affected.
    Syphilitic aortitis

G/A Shows inflammation of aorta causes wall destruction and aneurisrnal dilatation in the thoracic region.
    Caseous or gummatous necrosis results from a T lymphocyte-mediated hyper​sensitivity reaction (type IV hypersensitivity). Caseation does not occur in noninfec​tious epithelioid granulomas.
    The outcomes of granulomatous inflammation:
1. Resorption of cells infiltration. It is uncommon variant of clinical outcome. It is possible only in case of minor toxicity of pathogenic stimulus and its quick elimina​tion out of organism.
2. Fibrous transmutation of granuloma with scar or fibrous nodule formation. It is common outcome of a granulomatosis.
3. Necrosis of a granuloma.
4. Suppuration of the granulomas occurs usually at the mycotic and some other infections (yersiniosis, rabbit-fever).
III. Inflammation with forming polypi and condylomas acuminata is characterized by chronicity and typical body site on mucous membrane. The surface epithelium is hyperplasic with florid papillomatous exophytic growths. Such growths arise in na​sal cavity, maxillary sinus, bronchi, in mucous coat of stomach, intestines, in en​dometrium. Exophytic growths are called condylomas if a like process develops at the turn of the squamous and columnar epithelium. Usually they arise in genital and anal mucosa. The most frequently occurring type of condylomas is thecondyloma acuminata. It results from infected with human papillomavirus (HPV) and is regard​ed as an etiological factor in the development of carcinoma at these sites.
Examples of  granulomatouse inflamation
LEPROSY
    Leprosy or Hansen's disease (after discovery of the causative organism by Hansen in 1874) is a chronic infectious disease affecting mainly the cooler parts of the body such as the skin, mouth, respiratory tract, eyes, peripheral nerves, superficial lymph nodes and testis.
Causative Organism 
    The disease is caused by Mycobacterium leprae which closely resembles Mycobacterium tuberculosis but is less acid-fast. The organisms in tissues appear as compact rounded masses (globi) or are arranged in parallel fashion like cigarettes-in-pack, M. leprae can be demonstrated in tissue sections, in split skin smears by splitting the skin, scrapings from cut edges of dermis, and in nasal smears by the following techniques:
1. Acid-fast (Ziehl-Neelsen) staining.
2. Fite-Faraco staining procedure is a modification of Z.N. procedure.
3. Gomori methenamine silver(GMS) staining.
    The slit smear technique gives a reasonable quantitative measure of M. leprae when stained with Ziehl-Neelsen method and examined under 100x oil objective for determining the density of bacteria in the lesion (bacterial index,Bl).
    Nine-banded armadillo, a rodent, acts as an experimental animal model as it develops leprosy which is histopathologically and immunologically similar to human leprosy.
    Incidence 
    The disease is endemic in areas with hot and moist climates and in poor tropical countries. According to the WHO, five countries- India, Brazil, Indonesia, Myanmar (Burma) and Nigeria, together constitute vast majority of leprosy cases, of which India accounts for about one-third of all registered leprosy cases globally. In India, the disease is seen more commonly in regions like Tamil Nadu, Bihar, Pondicherry, Andhra Pradesh, Orissa, West Bengal and Assam.
    Mode of Transmission
    Leprosy is a slow communicable disease and the incubation period between first exposure and appearance of signs of disease varies from 2 to 20 years (average about 3 years). The infectivity may be from the following sources:
1. Direct contact with untreated leprosy patients who shed numerous bacilli from damaged skin, nasal secretions, mucous membrane of mouth and hair
follicles.
2. Materno-foetai transmission across the placenta.
3. Transmission from milk of leprosy patient to infant.
Classification 
Leprosy is broadly classified into 2 main types (Table 18):
■ Lepromatous type representing low resistance; and
■ Tuberculoid type representing high resistance.
    Since both these types of leprosy represent two opposite poles of host immune response, these are also called polar forms of leprosy. Cases not falling into either of the two poles are classified as borderline and indeter​minate types.
    Currently, leprosy is classified into 7 groups (modified Ridley and Jopling's classification). These are:
TT- Tuberculoid Polar (High resistance)
BT- Borderline Tuberculoid
TI- Tuberculoid Indefinite
BB- Mid Borderline
LI- Lepromatous Indefinite
BL- Borderline Lepromatous
LL-Lepromatous Polar (Low resistance)
	
	FEATURE
	LEPROMATOUS LEPROSY
	TUBERCULOID LEPROSY

	1.
	Skin lesions
	Symmetrical, multiple,
hypopigmented, erythematous,
maculopapular or
nodular (leonine fades).
	Asymmetrical, single or a few
lesions, hypopigmented and
erythematous macular.

	2.
	Nerve
Involvement
	Present but sensory distur-
bance is less severe.
	Present with distinct sensory
disturbance.

	3.
	Histopathology
	Collection of foamy macro-
phages or lepra cells in the
dermis separated from
epidermis by a 'clear zone,.
	Hard tubercle similar to
granulomatous lesion,
eroding the basal layer of
epidermis; no clear zone.

	4.
	Bacteriology
	Lepra cells highly positive
for lepra bacilli seen as
'globi' or 'cigarettes-in-pack'
appearance.
	Lepra bacilli few, seen in
destroyed nerves as
granular or beaded forms.

	5.
	Immunity
	Suppressed (low resistance).
	Good immune response
(high resistance).

	6.
	Lepromin test
	Negative.
	Positive.


Table 18
Reactions in Leprosy 
    There may be two types of lepra reactions: type I (borderline reactions), and type II (erythema nodosum leprosum).
TYPE I: BORDERLINE REACTIONS. The polar forms of leprosy do not undergo any change in clinical and histopathological picture. The borderline groups are unstable and may move across the spectrum in either direction with upgrading or downgrading of patient's immune state. Accordingly, there may be two types of borderline reaction:
1. Upgrading reaction is characterised by increased cell-mediated immunity and occurs in patients of borderline lepromatous (BL) type on treatment who upgrade or shift towards tuberculoid type.
2. Downgrading reaction is characterised by lowering of cellular immunity and is seen in borderline tuberculoid (BT) type who downgrade or shift towards lepromatous type.
TYPE II: ERYTHEMA NODOSUM LEPROSUM (ENL). ENL occurs in lepro​matous patients after treatment. It is characterised by tender cutaneous nodules, fever, iridocyclitis, synovitis and lymph node involvement.
Clinical Features 
1. Lepromatous Leprosy:
i) The skin lesions in LL are generally symmetrical, multiple, slightly hypopigmented and erythematous macules, papules, nodules or diffuse infiltrates. The nodular lesions may coalesce to glveleonine fades appearance, ii) The lesions are hypoaesthetic or anaesthetic but the sensory disturbance is not as distinct as in TT.
2. Tuberculoid leprosy:
i) The skin lesions in TT occur as either single or as a few asymmetrical lesions which are hypopigmented and erythematous macules, ii) There is a distinct sensory impairment.
Histopathology of Leprosy
    In general, for histopathologic evaluation in all suspected cases of leprosy the following broad guidelines should be followed:
■ cell type of granuloma;
■ nerve involvement; and
■ bacterial load.
The main features in various groups are given in Table 
Immunology of Leprosy 
Lepromin test is not a diagnostic test but is used for classifying leprosy on the basis of immune response. Intradermal injection of lepromin, an antigenic extract of M. leprae, reveals delayed hypersensitivity reaction in patients of tuberculoid leprosy.
■ An early positive reaction appearing as an indurated area in 24-48 hours is called Fernandez reaction.
■ A delayed granulomatous lesion appearing after 3-4 weeks is called Mitsuda reaction.
Patients of lepromatous leprosy are negative by the lepromin test.
    The test indicates that cell-mediated immunity is greatly suppressed in LL while patients of TT show good immune response. Delayed type of hyper​sensitivity is conferred by T helper cells.
SYPHILIS
Syphilis is a venereal (sexually-transmitted) disease caused by spirochaetes,Treponema pallidum.
Causative Organism 
    T. pallidum is a coiled spiral filament 10 μm long that moves actively in fresh preparations. The organism cannot be stained by the usual methods and can be demonstrated in the exudates and tissues by:
1. dark ground illumination (DGI) in fresh preparation;
2. fluorescent antibody technique; and
3. silver impregnation techniques.
Immunology 
    T. pallidum does not produce any endotoxin or exotoxin. The pathogenesis of the lesions appears to be due to host immune response.
    Treponemal infection is associated with two important antibodies which are immunoglobulins:
1. The Wassermann antibodies. Wassermann described a complement fixing antibody against antigen of human syphilitic tissue. This antigen is used in the Standard Test for Syphilis (STS) as follows:
i) Wassermann complement fixing test; and
ii) Venereal Disease Research Laboratory (VDRL) test.
2. Treponemal antibodies. Treponemal antibodies are produced which react with treponemal protein. The tests employed for detecting these antibodies are:
i) Reiter protein complement fixation (RPCF) test; ii) Treponema pallidum immobilisation (TPI) test; iii) Fluorescent treponemal antibody (FTA) test; and iv) Treponemal passive haemagglutination (TPHA) test.
Mode of Transmission 
1. Sexual intercourse resulting in lesions on glans penis, vulva, vagina and
cervix.
2. Intimate person-to-person contact with lesions on lips, tongue or fingers.
3. Transfusion of infected blood.
4. Materno-foetal transmission in congenital syphilis if the mother is infected.
Stages of Acquired Syphilis 
    Acquired syphilis is divided into 3 stages depending upon the period after which the lesions appear and the type of lesions.
1. PRIMARY SYPHILIS. Shows formation of the primary syphilitic complex consisting from: а) hard chancre (a firm ulcer) on generative organs or  lips, b) lymphangitis, c) lymphadenitis.Typical lesion of primary syphilis is chancre which appears on genitals or at extra-genital sites in 2-4 weeks after exposure to infection.
M/E
i) Dense infiltrate of lymphocytes, plasma cells and a few macrophages. ii) Perivascular aggregation of mononuclear cells, particularly plasma cells (periarteritis and endarteritis).
2. SECONDARY SYPHILIS. Inadequately treated patients of primary syphilis develop mucocutaneous lesions and painless lymphadenopathy in 2-3 months after the exposure. Mucocutaneous lesions may be in the form of the mucous patches on mouth, pharynx and vagina; and generalised skin eruptions and condyloma lata in anogenital region.
3. TERTIARY SYPHILIS. After a latent period of appearance ut secondary lesions and about 2-3 years following first exposure, tertiai y lesions ot syphilis appear. Lesions of tertiary syphilis are much less infective than the other twu stages and spirochaetes can be demonstrated with great difficulty. These lesions are of 2 main types:
i) Syphilitic gumma. It is a solitary, localised, rubbery lesion with central necrosis, seen in organs like liver, testis, bone and brain. In liver, the gumma is associated with scarring of hepatic parenchyma (heparlobatum). ii) Diffuse lesions of tertiary syphilis. The lesions appear following widespread dissemination of spirochaetes in the body. The diffuse lesions are predominantly seen in cardiovascular and nervous systems.
a) Cardiovascular syphilis mainly involves thoracic aorta.
b) Neurosyphilis: There are  5 forms of neurosyphilis: а) the gummous form, b) the simple form, c) vascular lesions, d) general paralysis, e) tabes dorsalis (locomotor ataxia, posterior spinal sclerosis). meningovascular syphilis affecting chiefly the meninges; tabes dorsalis affecting the spinal cord; and general paresis affecting the brain.
CONGENITAL SYPHILIS. Congenital syphilis may develop in a foetus of more than 16 weeks gestation who is exposed to maternal spirochaetaemia. There can be 3 possibilities:
1. The child born dead. The child is premature, with macerated skin, enlarged spleen and liver, and with syphilitic epiphysitis.
2. The child born alive (Infantile form). The child may show mucocutaneous lesions of acquired secondary syphilis and bony lesions like epiphysitis and periostitis. The bridge of nose may fall due to ulceration and destruction giving the characteristic 'saddle nose, appearance of congenital syphilis.
3. The late type. The lesions appear after some years. The characteristic Hutchinson's teeth' seen in this type are small, widely spaced, peg-shaped permanent teeth. Tertiary lesions like gummas and neurosyphilis may also be seen.
ACTINOMYCOSIS 
    Actinomycosis is a chronic suppurative disease caused by anaerobic bacteria, Actinomycetes israelii. The organisms are commensals in the oral cavity, alimentary tract and vagina. The infection is always endogeneous in origin and not person-to-person.
Depending upon the anatomic location of lesions, actinomycosis is of 4 types:
1. Cervicofacial actinomycosis. This is the commonest form (60%) and has the best prognosis. The infection enters from tonsils, carious teeth, periodontal disease or trauma following tooth extraction. Initially, a firm swelling develops in the lower jaw ('lumpy jaw'). In time, the mass breaks down and abscesses and sinuses are formed. The discharging pus contains typical tiny yellow sulphur granules.
2. Thoracic actinomycosis. The infection in the lungs is due to aspiration of the organism from oral cavity or extension of infection from abdominal or hepatic lesions.
3. Abdominal actinomycosis. This type is common in appendix, caecum and liver. The abdominal infection results from swallowing of organisms from oral cavity or extension from thoracic cavity.
4. Pelvic actinomycosis. Infection in the pelvis occurs as a complication of intrauterine contraceptive devices (IUCOs).
M/E
i) The inflammatory reaction is a granuloma with central suppuration. There is formation of abscesses in the centre of lesions and at the periphery are seen chronic inflammatory cells, giant cells and fibroblasts.
ii) The centre of each abscess contains the bacterial colony, “sulphur granule”, characterised by radiating filaments (hence previously known as ray fungus) with hyaline, eosinophilic, club-like ends representative of secreted immunoglobulins.
iii) Bacterial stains reveal the organisms as gram-positive filaments, nonacid ifast, which stain positively with Gomori's methenamine silver (GMS) staining. 
SCLEROMA 

    Produced by Volkovich-Frisch bacillus, changes are localized in respiratory tract, among the cells are characteristic: а) plasma cells, b) epithelial cells, c) lymphocytes, d) Miculich cells (most characteristic), e) hyaline balls (are formed from plasma cells), the process is come to end by a sclerosis which is complicated by asphyxia.
SARCOIDOSIS (BOECK'S SARCOID)
    Sarcoidosis is a systemic disease of unknown etiology. It is worldwide in distribution and affects adults from 20-40 years of age. The disease is characterised by the presence of non-caseating epithelioid cell granulomas ('sarcoid granuloma') in the affected tissues and organs, notably lymph nodes and lungs. Other sites are the skin, spleen, uvea of the eyes, salivary glands, liver and bones of hands and feet. 
ETIOLOGY AND PATHOGENESIS. The cause of sarcoidosis remains unknown. The following observations point towards a possible immune origin of sarcoidosis: 
1. Just as in tuberculosis, sarcoidosis is characterised by distinctive granulomatous response against poorly degradable antigen, but quite unlike tuberculosis, the antigen in sarcoidosis has eluded workers so far. PCR studies on affected pulmonary tissue have given equivocal result as regards presence of mycobacterial antigen.
2. That there are immunologic abnormalities in sarcoidosis is substantiated by high levels of   CD4+T cells lavaged from lung lesions.There is also elevation in levels of IL-2 receptors in serum and in lavaged fluid from lungs.
3. There is presence of activated alveolar macrophages which elaborate cytokines that initiate the formation of non-caseating granulomas.
M/E
1. The diagnostic feature in sarcoidosis of any organ or tissue is the non-caseating sarcoid granuloma, composed of epithelioid cells, Langhans' and foreign body giant cells and surrounded peripherally by fibroblasts.
2. Typically, granulomas of sarcoidosis are 'naked' i.e. either devoid of peripheral rim of lymphocytes or there is paucity of lymphocytes.
3. In late stage, the granuloma is either enclosed by hyalinised fibrous tissue or is replaced by hyalinised fibrous mass.
4.  The giant cells in sarcoid granulomas contain certain cytoplasmic inclusions like:
i)  Asteroid bodies
ii)  Schaumann's bodies or conchoid (conch like) bodies
iii) Birefringent cytoplasmic crystals
    KVIEM'S TEST. It is a useful intradermal diagnostic test. The antigen prepared from involved lymph node or spleen is injected intradermally. In a positive test, nodular lesion appears In 3-6 weeks at the inoculation site which on microscopic examination shows presence of non-caseating granulomas.
LESSON 10: FINAL TEST 1
LIST OF MICROSLIDES FOR FINAL TEST 1
№1 Nutmeg liver
№2 Brown induration of lungs
№7  Ischemic(anemic) infarction of kidney

№18 Amyloidosis of liver

№30 Hemosiderosis of the liver.
№35 Coagulation necrosis of the epithelium of distal convoluted renal tubule.
№41 Fibrinogenous pericarditis
№42 Purulent meningitis.
№46 Trichinosis.
№48 Scleroma.
№52 Miliary tuberculosis of lungs.

№76 Obesity of heart (fatty heart).

№81 Occlusive organized thrombus of arteries with a recanalizations. 
№104 Focal seropurulent pneumonia.

№ Ballooning  dystrophia of hepatocytes.
TOPIC FOR self-dependent study: IMMUNOPATHOLOGOCAL PROCESSES.
    Immunopathological processes are conditions, which develop due to dysfunction of immunocompetent tissue. They occur as a result of imrnunopathogical conflict and abnormality of immunological homeostasis.
    Lymphocytes, macrophages and dendritic cells of lymphoid tissue represent the cells of immune system. Lymphocytes include B cells, T cells, and natural killer (NK) cells, which are identified by cell-surface glucoproteins specific for both cell type and stage of differentiation. B-cells originate from stem cells in the bone marrow. They continue the differentiation within the bone marrow and peripherally, where they cluster in the germinal centers of lymph nodes and in the lymphoid follicles of the spleen. B-cells are characterized by the presence of surface immunoglobulin. T-cells originate from stem cells in the bone marrow, differentiate in the thymus and popu​late the paracortical, deep medullar areas of lymph nodes and periarteriolar sheaths of spleen. NK-cells are also called large granular lymphocytes (LGL) because of their distinctive large size, pale cytoplasm, and prominent granulation. They kill tumor cells, fungi and cells altered by viral infection, can also lyses cells by antibody-de pendent cell-mediated cytotoxicity. Neither specific sensitization nor antibody is in​volved in this type of cell killing.
    Macrophages are derivatives of peripheral blood monocytes and are members of the mononuclear phagocyte system of cells and secrete a variety of cytokines; includ​ing interleukin, as well as other products, including acid hydrolyses, neutral proteas​es and prostaglandins.
    Dendritic cells of lymphoid tissue are characterized by dendritic cytoplasmic proc​esses and in contrast to macrophages, are poorly phagocytic but resemble macro​phages in that they are antigen-presenting cells. They also express large quantities of cell surface HLA class 2 antigens.
    One of immunological processes types is alloimmunization, which is based on production antibodies and (or) sensitized lymphocytes against normal antigens of own tissues. Diseases resulted from autoimmunization refer to autoimmune. Immu​nodeficiency syndromes are the final exhibition of immune system failure. They may be initial (caused by aplasia, hypoplasia of immune system), inheritable and congen​ital immunodeficiency syndromes, and secondary (as a result of disease or conducted treatment (acquired immunodeficiency syndromes). Immunological processes can be:
a. immunogeneses abnormality;
b. reactions of hypersensitivity;
c. autoimmune diseases;
d. immunodeficiency syndromes.
    Immunogeneses abnormality may be associated with two types of immune respons​es: more ancient cellular (T-system) and younger in phylogenies- humoral (B-system). Cells of B-system derive from stem cells in the red bone marrow. They are appeared after long antigen stimulation or in case of inheritable immune system fail​ure and develop within the central immune organs (thymus gland) and peripheric (lymph nodes, lien, lymphatic formations of a respiratory and intestinal tract). They are displayed in thymus gland as:
A) age and accidental involution (transformations),
B) hypoplasias (at genetical combined failure),
C) hyperplasias (status thymicolymphaticus).
    In peripheric immune organs they arc displayed as: hyperplasia and plasmatiza-tion of lien lymph nodes and lymphatic formations, absence of T-and (or) B -zones owing to inheritable failure.
    Accidental involution (casual transformation) develops in children with long last​ing diseases (pneumonia, colienteritis. salmonellosis etc.), and is accompanied by fast diminishing of thymus mass. Morphological changes are based on disintegration of thymocytes (their englobement by macrophages), destruction of Hassal corpuscles, and lead to atrophy of thymus gland. This process develops in stages.
    Hypoplasia of thymus gland is caused by inheritable immunodeficiency syndrome connected with defects in development of lymphocytes placement zones, responsible for humoral (syndromes of Glanzemann, Rhiniker, Lue-Barra), or for cellular immunodefence (Nezeloffus, DiGeorgeus syndromes). Children, suffering from these syndromes are immunodefenselcss, they are frequently sick, quite often die from sepsis.
    Thymus hyperplasia (status thymico-lymphaticus) is displayed by dysfunction of thymus and is accompanied by immunogenesis processes abnormality. It is charac​terized by hypersensivity to immunization, infection, narcosis, surgical interventions, trauma and medicaments. Sudden death may be developed in outcome of thymus hyperplasia.
    Reactions of hypersensitivity are include four types and are based on immunopathologic mechanisms.
    Type 1 - anaphylactic: immunoglobulin H (IgE) antibody production by IgE, B-cells is stimulated by antigen.
Reactions of first type hypersensitivity pass through two phases of development:
1. initial (5-30 minutes after exposition of an allergen),
2. late (after 2-8 hours after initial phase without additional action of an antigen). Other expression of a type 1 hypersensitivity reaction is termed atopy. Atopy represents an inherited predisposition to an abnormal response against allergens, and the tendency to develop this form of hypersensitivity is familial. Atopic reactions are common and occur in many organ systems.
A. In the skin, contact with allergen causes immediate reddening, swelling, and itching (urticaria, hives); in other instances, acute dermatitis or eczema results. The antigen may come in contact with skin directly or by injection (some insect bites or stings), or it may be ingested, as occurs in some food or drug allergies that produce cutaneous reactions.
B. In the nasal mucosa, inhalation of the allergen (eg, pollen, animal hair) causes vasodilatation and secretion of mucus (hay lever, or allergic rhinitis).
C. Lung- Inhalation of allergens (pollen, dust) to contraction of bronchial smooth muscle, retting in acute airway obstruction and wheezing (allergic-chronicle asthma).
D. Intestine - Ingestion of the allergen (egg, nuts, (food) causes muscle contrac​tion and fluid secrets that produce abdominal cramps and diarrhea (allergic gastro​enteritis).
    Type 2 - cytotoxic: complement-fixing antibodies (IgG, IgM) react directly with antigens that are integral components of the target cell. The interaction of comple​ment with the cell surface results lyses aud destruction.
1. Lysis - Activation of the complement cascade leads to formation of the mem​brane attack complex and causes lysis of the cell membranes.
2. Disorders resulting from type II hypersensitivity:
A. Antigens on erythrocytes - blood transfusion reactions. Antibodies in the re​cipient's serum react against antigens on transfused red cells, causing either comple​ment-mediated intravascular hemolysis or delayed hemolysis due to immune phago​cytosis by splenic macrophages. Hemolytic disease of the newborn- maternal anti​bodies that are active against fetal erythrocyte antigens.
Hemolysis may be caused by drugs that act as haptens in combination with eryth​rocyte membrane proteins, or it may be a result of infections associated with the development of antierythrocyte antigens, eg, infectious mononucleosis, mycoplas​mal pneumonia.
B. Antigens on neutrophils - maternal antibodies to fetal neutrophilic antigens may cause neonatal leukopenia if they cross the placenta.
C. Antigens on platelets - neonatal thrombocytopenia and posttransfusion fe​brile reactions may occur as a result of factors similar to those described for leuko​cytes. Idiopathic thrombocytopenic purpura is a common autoimmune disease in which antibodies develop against a person's own platelet membrane antigens.
D. Antigens on basement membrane-antibodies against renal glomerular and pulmonary alveolar basement membrane antigens develop in Goodpasture's syn​drome. Tissue injury results from complement activation.
H. Antigen stimulation - Graves, disease (primary hyperthyroidism) is caused by IgG antibodies that bind to the TSH receptor on thyroid follicular epithelial cells.
F. Inhibition - Inhibitory antibodies play a key role in myasthenia gravis, a dis​order characterized by failure of neuromuscular transmission, with resulting motor weakness.
Type 3 - immune complex: exogenous antibody produced in response to exposure of antigen binds with antigen, resulting in antigen-antibody complexes circulation. Cell-bound immune complexes become localized in separate organs (kidney, joints, vessels of skin), resulting in development of a tissue local necrosis within 4-10 hours.
There are two types of immune complex injury:
1. Arthus-type reaction tissue necrosis occurs at the site of entry of the antigen. The same antigen leads to the formation of large antigen-antibody complexes, which precipitate (locally in small blood vessels, where they produce a severe local acute inflammatory reaction with hemorrhage and necrosis.
2. Serum sickness type reaction - is much common than the Arthus-type reaction. A large dose of antigen, such as foreign serum prolins, drugs, or viral and other micro​bial antigens, immune complexes are formed in the blood. In the presence of an excess of antigen over antibody, these remain as small, soluble complexes that circulate in the bloodstream. They eventually pass through the endothelial pores of small vessels to be deposited in the vessel wall, where they activate complement and result in complement-mediated necrosis and acute inflammation of the vessel wall (necrotizing vasculitis).
Type 4 - cell-mediated: direct T-cell-mediated cytotoxicity, which causes necrosis of the antigen-bearing cells, is believed to be important in contact dermatitis and in the response against cancer cells, virus-infected cells, transplanted cells bearing for​eign antigens, and several autoimmune diseases. Histological examination of tissues affected by direct T cell-mediated cytotoxicity shows necrosis of affected cells and marked lymphocytic infiltration of the tissue .
T cell-mediated hypersensitivity also plays a role in granulomatous inflammation via the action of various lymphokines. It is exemplified by the tuberculin reaction, a localized inflammatory reaction initiated by the intracutaneous injection of tubercu​lin. After 24-72 hours, granulomatous inflammation occurs at the site, causing an indurated nodule that represents a positive test. A positive test indicates the presence of delayed hypersensitivity against the injected antigen and provides evidence for previous exposure to that antigen.
Delayed hypersensitivity occurs in several contexts.
A. Infections - delayed hypersensitivity occurs in infections caused by faculta​tive intracellular organisms, eg, mycobactcrium and fungi. Tissue necrosis takes the form of caseous necrosis in the center of epithelioid cell granulomas.
B. Autoimmune diseases - in Hashimoto's thyroiditis and autoimmune gastritis associated with pernicious anemia, direct T-cell reactivity against antigens on the host cells (thyroid epithelial cells and gastric parietal cells) leads to progressive de​struction of these cells.
C. Contact dermatitis - an antigen in direct contact with the skin induces a type IV hypersensitivity response with well-circumscribed lesions, the site of which corre​sponds precisely to the area of contact (eg, back of a watch, buckle of a suspender, bracelet). Common antigens are nickel, dichromate compounds (in leather), drugs, dyes in clothing, and plants (Table 19).
	Type
	Mechanism
	Examples

	Typel
(anaphylactic)
	Antigen reacts with IgE bound to surface of basophils or tissue mast cells, causing degranulation with release of histamine and other substances, many of which are vasoactive, smooth muscle spasm inducing, or chemotactis
	Hay fever; allergic asthma; hives; anaphylactic shock

	Type II
(cytotoxic)
	Antibodies react with antigens that are intrinsic components of cell membrane or other structures, such as basement membranes, resulting in direct damage, complement mediated increased susceptibility to phagocytosis, or antibody dependent cell-mediated cytotoxicity; also may be caused by inactivation of cell-surface receptors by anti-receptor antibodies
	Warm antibody autoimmune hemolytic anemia; hemolytic disease of the newborn; Good pasture's syndrome; Graves' disease

	Type III
(immune
complex)
	Insoluble complement-bound aggregates of antigen-antibody complexes are deposited in vessel walls or on serosal surfaces or other extravascular sites; neutrophils are chemotactically attracted and release lysosomal enzymes, prostaglandins, kinins, and free radicals, resulting in tissue damage
	Serum sickness; Arthus reaction; polyarteritis nodosa; SLE; immune complex-mediated glomerular diseases

	Type IV
(cell-
mediated)
	Delayed hypersensitivity: proliferation of antigen-specific CD4 + memory T cells, with secretion of IL-2 and other cytokines, which in turn recruit and stimulate phagocytic macrophages
	Tuberculin reaction; contact dermatitis; tumor cell killing; viraliy infected cell killing


Table 19
AUTOIMMUNE DISEASES - immunologic tolerance to self antigens.
    The immune system recognizes the body's own antigens as self antigens and does not react against them (natural tolerance,). Autoimmune diseases occur when a break​down of this natural tolerance leads to an immune response against a self antigen.
Natural tolerance to an antigen results when the immune system is presented with that antigen during fetal life.
Autoimmune diseases are divided into:
1. True autoimmune («Hachimoto's struma», sympathetic ophthalmia etc.). Au​toimmunity represents a breakdown of natural tolerance and the subsequent occur​rence of a specific humoral or cell-mediated response against the body own antigens. Cellular injury in autoimmune diseases is caused by both humoral and cell-mediated hypersensitivity (types II, III, and IV).
2. Immunopathological processes (myasthenia, autoimmune anemia etc.). Inhib​itory type II hypersensitivity is responsible for myasthenia gravis, some cases of juve​nile diabetes mellitus associated with antibodies against insulin receptors on target cells, in some cases of pernicious anemia associated with presence of antibodies that inhibit the action of according factor.
3. Immunocomplex diseases (glomerulonephritis, serum disease etc.). Type III (immune complex) hypersensitivity is revisible for many of the multi-organ autoim​mune diseases, exemplified by systemic lupus erythematosus. These arc characterized by systemic necrotizing (vasculitis).
4. Atopic and anaphylactic processes (bronchial asthma, hay fever etc.), hyper​sensitivity type I.
5. Granulematous immune reaction (sarcoidosis, terminal ileitis etc.). Hypersen​sitivity type IV.
IMMUNOLOGICAL FACTORS IN DISEASE
Designed to combat the effects of invasion by adverse environmental factors such as microorganisms and toxic chemical agents, the immune response is a normal de​fense mechanism. It usually works effectively, but illness may result from:
• Inadequate immune response.
• Excessive immune response.
• Unwanted or inappropriate immune response.
INADEQUATE IMMUNE RESPONSES
    Inadequate immune responses can result from immunodeficiency states. There are two classes of immunodeficiency syndrome:
1. Primary immunodeficiency, which is present at birth and often the result of a genetic disorder.
2. Secondary immunodeficiency, which is acquired secondary to drug treatment or disease process. The primary often have congenital etiology (autosomal - reces​sive or connected with X-chromosome).
Types:
1. Deficiency of cellular immunity;
2. Deficiency of humoral immunity;
3. The combined forms (Nezeloff, Lui-Barr syndromes), ataxia-telangiectasia and the Wiskott-Aldrich syndrome are very rare forms of combined immune defi​ciency;
4. Associated with delect of phagocyte's system (syndromes of Job and Chegi-aca-Higassy). The most important primary abnormality of phagocytic cells is called «chronic granulomatous disease»
5. Acquired immunodeficiency contains: virus immunodeficiency (ARV1, mea​sles, hepatitis B and C, HIV-INFECTION) and bacterial (Felton's phenomenon).
    Secondary immunodeficiency is much more common than primary immunodefi​ciency.
    An increasingly common and important cause of secondary immunodeficiency is as the result of drug therapy, either corticosteroid therapy for a wide range of diseas​es, or the specific immunosuppressive therapy given in transplantation to prevent rejection and as part of a cytotoxic chemotherapy regime for the treatment of malig​nant disease.
AIDS is an important cause of secondary immunodeficiency.
   AIDS (acquired immune deficiency syndrome) leads to severe impairment of the cell-mediated immunity system. In brief, infection by the human immunodeficiency virus (HIV-1) leads to destruction of CD4 lymphocytes and a decreased helper/sup​pressor T-cell ratio in the blood. The virus gains entry to T-cells by attaching to surface CD4 molecules in concert with one of the chemokine receptors, taking over cellular metabolism to synthesize new virus. The virus has several key protein com​ponents that can be used in diagnosis.
    An immune response to virally infected cells develops, with both humoral and cell-mediated components. This initially contains the infection but, importantly, does not eliminate it. After several years, this immune response fails to control infection due to antigenic variation in virus proteins. (The median time from infection with HIV to development of clinical AIDS in transfusion cases is 4,5 years. For other groups the time-scale is unknown.) As the virus proliferates, there is depletion of CD4 cells, leading to severe immunosuppression.
    Most disease is caused by RNA retrovirus HIV-1, but HIV-2, originally identi​fied in Senegal, also causes AIDS and is most common in West Africa. Transmission is by sexual contact, blood transfusion, intravenous drug abuse, and vertically from mother to child. High-risk groups are male homosexuals and bisexuals, IV drug abus​ers, (Central Africans and their sexual partners, and hemophiliacs transfused with infected material.
    Children with AIDS show from adults. Children with vertical transmission of HIV show certain clinical differences from adult cases. About 25% of affected chil​dren die in the first year of life, with rapid development of immunosuppression, usu​ally through development of Pncumocystic pneumonia. The 75% with a longer course of disease develop severe bacterial infections, with both routine pathogens and a range of opportunistic infections similar to those seen in adults.
Lymphocytic interstitial pneumonia occurs in 50% of affected children, but is rare in adult cases. CNS infection is manifest by developmental delay and progres​sive motor abnormalities.
NOTE.
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
LESSON №11
TOPIC: ADAPTATION & COMPENSATION: TISSUE REPAIR, ORGANIZATION, HYPERTROPHY, HYPERPLASIA, ATROPHY, METAPLASIA
    Adaptation is panthobiological concept, which is uniting all processes of vital func​tions, underlying of interactions of an organism with an environment, and directed on preservation of species.
   Compensation is a particular kind of the adaptation at an illness, directed on res​toration (correction of the broken function). Compensation is individual concept. In medicine the adaptation and compensation supplement each other.
   Compensatory adaptation realizes on molecular, subcellular, cellular, tissular, or​gan, systemic and organism levels. In its current the following stages are distinguished: coming-to-be, strengthening (compensation) and exhaustion (decompensation).
    The organism ability to replace damaged or perished cells is one of the major for responsiveness of its vital fuuetions. The ideal result of healing is to restore the tissue to its normal (preinjury) state, a process termed resolution. After removal of cellular debris, any necrotic parenchymal cells may be replaced by new parenchymal cells of the same type in a process known as regeneration. Regeneration is restoration of both structure and function. There are distinguished following types of regeneration: phys​iological, reparative, and pathological.
    The reparative regeneration may be complete (restitution), incomplete regenera​tion (substitution) or restoratory hypertrophy. Replacement of defect by a tissue iden​tical to the perished is called as complete regeneration. A cells form of regeneration predominates at this process.
    When resolution and complete regeneration are not possible, necrotic cells (tis​sues, foreign bodies) are replaced with collagen or are encapsulated; this is termed organization. To organization are related: repair (healing of wound) by scar forma​tion, replacement of necrosis focus or thrombus by connective tissue, encapsulation.

    Restoration of the lost function is carried out due to a hypertrophy of the kept part of body or a tissue (restoratory hypertrophy). Its process called as incomplete regener​ation. A scar is a mass of collagen that is the end result of repair by organization and fibrosis. Repair by scar formation occurs 1) when resolution fails to occur in an acute inflammatory process; 2) when there is ongoing tissue necrosis in chronic inflamma​tion; and 3) when parenchymal cell necrosis cannot be repaired by regeneration.
    The process of repair by scar formation can be divided into several overlapping phases: 1) preparation; 2) in-growth of granulation tissue; 3) collagenization; 4) mat​uration; 5) contraction; 6) strengthening.
    The mechanism of healing depends on the type of inflammation, the extent of tissue necrosis, the types of cells involved, and the regenerative ability of damaged parenchymal cells. Restoration of structure and function can be realized due to cellu​lar and intracellular hyperplastic processes.
Replacement of lost parenchymal cells by division of adjacent surviving parenchy​mal cells (regeneration) can also restore injured tissue to normal. Whether regeneration occurs depends on 1) the regenerative capacity of involved cells (ie, their ability to divide). 2) the number of surviving viable cells, and 3) the presence of a connective tissue framework that will provide a base for restoration of normal tissue structure.
    The cells of the body can be divided into three groups-labile, stable, and perma-nent-on the basis of their regenerative capacity.
    Labile cells normally divide actively throughout life to replace cells that are being continually lost from the body. Labile cells have a short Go (resting, or intermitotic) phase. Mature differentiated cells in these particular tissues cannot divide; their num​bers are maintained by division of their parent labile cells. Injury to a tissue contain​ing labile parenchymal cells is followed by rapid regeneration. Regeneration in tis​sues with labile cells occurs only when enough labile cells have been spared by injury.
    Stable cells typically have a long life span and are therefore characterized by a low rate of division. They remain in the Go phase for long periods (often years) but retain the capacity to enter the mitotic cell cycle if the need arises. Regeneration in tissues composed of stable cells requires 1) enough viable tissue must remain to pro​vide a source of parenchymal cells for regeneration and 2) there is an intact connec​tive tissue framework.
Classification of cells on the basis of their regenerative capacity  in Table 20
	Cell Types
	Examples

	Labile
(almost always in mitotic cell cycle)
	Hematopoietic stem cells
Basal cells of epithclia
Hair follice cells
Germ cells

	Stable
(can divide actively
when stimulated)
	Parenchymal cells
Liver
Kidney
Lung, etc
Mesenchymal cells
Osteoblast
Chondrocyte
Fibroblast
Endothelial cell

	Permanent
(cannot divide)

	Neurons
Ganglion cells
Cardiac muscle
Skeletal muscle


   Table 20
     Permanent cells have no capacity for mitotic division in postnatal life. Examples of permanent cells include neurons in the central and peripheral nervous system and cardiac muscle cells. Injury to permanent cells is always followed by scar formation. No regeneration is possible. Loss of permanent cells is therefore irreversible and, if extensive, may result in a permanent functional deficit.
    Cells ability to divide determines the form of regeneration: cellular or intracellu​lar.
The forms of regeneration in organs and tissues of mammals in Table 21
	Cellular regeneration
	Cellular & intracellular
regeneration
	Intracellular
regeneration

	Bones
Epidermis
Mucous membrane
of gastrointestinal tract,
respiratory and urinary tracts
Loose connective tissue
Endothelium
Hematopoietic system
Lymphoid tissue
Mesothelium
	Liver
Kidneys
Pancreas
Endocrine glands
Lungs
Unstriped muscles
Vegetative nervous system
	Ganglion cells
Cardiac muscle
Skeletal muscle


    Table 21
    Granulation tissue is an example of complete regeneration of the connective tis​sue
M/E There are visible numerous neogenic blood capillaries; new cells of the connective tissue (lymphoid and epithelioid cells, macro​phages, tissue basophiles, fibroblasts, polymorphonuclear leucocytes, lymphocytes, plasmocytes) are situated between them. A loose interstitial substance is situated be​tween the cells.
    Granulation tissue forms and fills the injured area while necrotic debris is being removed. It ripens gradually and transforms into ripe fibrous connective tissue (re​modelling process). If this process is delayed for a long term then it is said about persistence and such granulation tissue called as persisting granulation tissue.
    Granulation tissue is highly vascularized connective tissue composed of newly formed capillaries, proliferating fibroblasts, and residual inflammatory cells. (Note: Granulation tissue must be distinguished from granuloma, which is an aggregate of macrophages associated with chronic inflammation.) Capillaries are derived by vas​cular proliferation in healthy tissue at the periphery of the involved area. Fibroblasts migrate with capillaries to the injured area. The proliferation of capillaries, fibrob​lasts, and other cells in the healing process is controlled by a variety of growth-stim​ulatory or growth-inhibitory factors. Granulation tissue consists of 6 layers: superfi​cial leucocytic-necrotic, superficial layer of vascular loops, layer of vertical vessels, ripening layer, layer of horizontal located fibroblasts, fibrous layer. Microscopic ex​amination shows the thin-walled capillaries lined by endothelium and surrounded by fibroblasts. Both endothelial cells and fibroblasts are metabolically very active, with large nuclei and prominent nucleoli; mitotic figures may be seen. Young fibroblasts in granulation tissue form type III collagen that is later replaced by stronger, cross-linked type I collagen.
    The terms fibrous tissue and scar tissue are synonymous with collagen. (Note: Fi​brin is a molecule derived from plasma fibrinogen and is entirely distinct from colla​gen; fibrinous and fibrous are therefore adjectives characterizing unrelated entities.)
    On gross examination, granulation tissue is soft and fleshy (it appears pink and granular) because of the numerous capillaries. The collagen content of granulation tissue progressively increases with time. A young scar consists of granulation tissue and abundant collagen together with a moderate number of capillaries and fibrob​lasts. It appears pink on gross examination because of the vascularity. As the scar matures, the amount of collagen increases and the scar becomes less cellular and vascular. The mature scar is composed of an avascular, poorly cellular mass of colla​gen and is white on gross examination.
    Morphogenesis of reparative regeneration may be considered by the example of bone restoration. Bone fractures heal by granulation tissue formation and fibrous repair, followed by new bone formation in the fibrous granulation tissue. Due to tearing of blood vessels in the medullary cavity, cortex and periosteum, hematoma forms at the site of fracture. The periosteum is stripped from the bone surface. Organization of the hematoma is associated with the migration of neutrophils and macrophages into the fracture hematoma; these cells phagocytose the hematoma and necrotic debris. This is followed by in-growth of capillaries and fibroblasts from surrounding tissue, producing fibrovascular granulation tissue. New osteoprogenitor cells develop from mesenchymal precursor cells. Osteoblasts derived from osteoprogenitor cells migrate into the granulation tissue and differentiate into osteoid-synthesizing units, which proceed to deposit large quantities of osteoid colla​gen in a haphazard way, producing a woven bone pattern. External callus bridges the fracture site outside the bone and, if there is a significant gap between the bone ends, it may include cartilage. Internal callus bridges the fracture in the medullary cavity and rarely contains cartilage. When bone ends are closely apposed, direct ossification between fractured ends occurs. Callus is usually well-established by the third week after fracture, but initial bony union is by woven bone, which is mechanically weak. Remodeling of callus occurs once the defect between the two bone ends is bridged by bony callus, taking many months. A combination of os​teoclastic erosion and organized osteobiastic osteoid synthesis removes surplus calcified callus, replacing the inefficient bulky woven bone with compact organ​ized lamellar bone.
    With time, remodeling creates new lamellar trabecular bone, which is orientated in a direction determined by the stresses to which the bone is exposed with mobiliza​tion. Fven with remodeling, cortical irregularity and minor marrow space fibrosis persist at the site of fracture.
   When fractured bone ends are not closely apposed, or if any of the local compli​cating factors are present, ossification of the callus does not occur, and the two bone ends are joined by fibrous tissue (fibrous ankylosis) which is unstable.
Healing Processes
A. Healing by direct closing of epithelial integument defect. It is simple healing due to crawl of epithelium on a superficial defect. Because the underlying basal ger-minative layer of labile cells is intact, the epithelium regenerates from below, and the integrity of the epithelium is restored with no scarring.
B. Healing by scab. The small gap defect fills with clotted blood, which forms a scab and seals the epithelial integument opening within 24 hours to prevent the entry of infectious agents into the wound. The epithelium regenerates by rapid division of basal cells at the edges of the wound. These cells grow under the scab and reestablish
continuity of the epithelium within 48 hours. The scab separates usually by 3-5 days after the injury.
C. Healing by First Intention (Primary Union). Clean incised wounds and lacer​ations in which the edges of the wound are in close apposition heal by first intention. The small gap in the epidermis and dermis fills with clotted blood, which forms a scab and seals the skin opening within 24 hours to prevent the entry of infectious agents into the wound. The epidermis regenerates by rapid division of basal cells at the edges of the wound. These cells grow under the scab and reestablish continuity of the epidermis within 48 hours. As the epidermal cells mature and start shedding the superficial keratinized layers, the scab separates, usually at the end of the first week. In the subjacent dermis, the wound fills with clotted blood and heals by scar formation. The small amount of clot and tissue debris is liquefied by neutrophilic enzymes and removed by macrophage phagocytosis. Neutrophils appear in the wound within 24 hours, rapidly complete the liquefaction process, and are usually replaced by macrophages by day 3. The growth of fibroblasts and new vessels (granulation tissue) into the prepared dermal gap begins within 48 hours, and collagen can be demonstrated there within 72 hours after injury. By day 5, the dermal gap is filled with a small amount of collagenizing granulation tissue. The amount of collagen increases for about 4-6 weeks.
D. Healing by Second Intention (Secondary Union): Wounds that fail to heal by first intention heal by second intention.
    Reasons for failure of the primary healing process-Primary union fails to occur in the following circumstances: 1) in lacerations characterized by inability to achieve apposition of wound margins; 2) when foreign material is present; 3) when necrosis is extensive; and 4) when infection occurs. If infection develops after the skin edges are apposed, acute inflammation with suppuration leads to rupture of the wound and drainage of pus.
   The processes involved are essentially the same as those in healing by first inten​tion but take much longer because of the more extensive damage. Infection is con​trolled by acute inflammation. The fluid exudate and necrotic tissue are then removed by enzymatic liquefaction, lymphatic drainage, and macrophage phagocytosis. Sur​gical removal of dead tissue and foreign material from the wound (debridement) greatly aids this clearing process. Granulation tissue then grows from the healthy tissue at the base of the wound and displaces the necrotic tissue toward the surface of the skin. The epidermis regenerates from basal cells at the edges of the wound. In large wounds, reepithelialization may take several weeks. In these situations, surgical transplanta​tion of skin (skin grafting) can help to speed healing.
    When complete epithelialization of the surface of the wound has occurred, collagenization transforms the underlying granulation tissue to scar tissue. Skin append​ages such as hair follicles and glands are regenerated if enough residual cells remain to provide a source of proliferating cells. In extensive skin wounds with total destruc​tion of skin appendages, the resulting dermal scar is typically devoid of these struc​tures.
    The distortion of regenerative process, infringement of phases sequence (prolifer​ation and differentiations of cells) is called as pathological regeneration. It is showed in superfluous or scanty formation of regenerating tissue (hyper or hyporegeneration) and also in the transformation of one tissue kind in another (metaplasia). The pathological regeneration develops at infringement of systemic and local conditions of wound healing commonly.
Causes of Defective Wound Healing:
1. Failure of collagen synthesis is one of the most common causes of defective wound healing and may result from vitamin C, protein, or zinc deficiency.
2. Excessive collagen production in wound healing results in formation of abnor​mal nodular masses of collagen (keloids) at the sites of skin injury. Microscopic ex​amination shows excessive collagen as thick, hyalinized bands.
3. Local factors that cause defective wound healing include the following:
a. Foreign bodies or necrotic tissue or excessive blood
b. Infection in the wound will result in acute inflammation and (commonly) abscess formation, with breakdown of the wound and delayed healing.
c. Abnormal blood supply (ischemia due to arterial disease or impaired ve​nous drainage).
d. Denervation of an area impairs healing.
e. Decreased viability of cells (Irradiation of a tissue or administration of an​timitotic drugs in cancer chemotherapy).
4. Diabetes meilitus is associated with impaired wound healing, probably as a result of deficient microcirculation and increased incidence of infection.
5. Excessive levels of adrenal corticosteroids whether due to administration of exogenous corticosteroids or to endogenous adrenal hyperactivity (Cushing's syn​drome), is associated with impaired wound healing. Corticosteroids interfere with neutrophil and macrophage function.
    As well as mounting an immediate cell stress response, cells can adapt to damag​ing stimuli, becoming modified to achieve a new, steady state of metabolism and structure that better equips them for survival in the abnormal environment, (cells may adapt to a pathological (disease) stimulus by extending the three normal physi​ological adaptive responses:
•  Increased cellular activity.
•  Decreased cellular activity.
•  Alteration of cell morphology.
    Cells can adapt to certain pathological stimuli by altering their pattern of growth. This may be reflected in changes in the size, number or differentiation of cells in affected tissue.
    Certain organs or tissues may adapt to a disease process by increasing functional cell mass. There are two mechanisms of increase:
1) Hyperplasia is an increase in the size of an organ or tissue due to an increase in the number of cells caused by increased cell division. It is the principal mechanism accounting for increased size in tissues composed of labile and stable cells.
    A key feature of hyperplasia is that the altered pattern of growth ceases following removal of the causative environmental stimulus, and the tissue reverts to its normal state.
This feature distinguishes hyperplasia from neoplasia, in which there is excessive cell growth that does not regress on removal of the causal environmental stimulus.
2) Hypertrophy is an increase in the size of an organ or tissue due to an increase in the size of existing cells, accompanied by increase in their functional capacity. Cell enlargement is brought about by increased in protein synthesis and an increase in size or number of intracellular organelles. It occurs in tissues made up of permanent cells, which a demand for increased metabolic activity cannot be met through cell multipli​cation (skeletal and cardiac muscle).
    Hypertrophy and hyperplasia may occur independently of each other or togeth​er, to meet a demand for increased function, and are usually associated with an in​crease in the size and weight of the organ or tissue concerned.
    An increase in functional cell mass through hypertrophy and hyperplasia may be physiological.    Under the influence of endocrine stimulation in pregnancy, breast ep​ithelial cells and myometrial smooth muscle cells both increase in size and number (hypertrophy and hyperplasia).
Increased cell mass in a tissue can result from pathological stimuli. There are distinguished following kinds of hypertrophy: work (compensatory), vicarious (sub​stitutional), neurohumoral and hypertrophic overgrowths.
    The greatest value has work (compensatory) hypertrophy. 
    Hypertrophy of the heart

G/A Represents increase in weight and greatly increase in thick​ness of the left ventricular wall at the arterial hypertension. The increased mass of the left ventricle is due to enlargement of cardiac muscle cells as a result of hypertrophy. The ventricular chambers can be diminished (concentric hypertrophy) or dilated (ec​centric hypertrophy). The first one is compensatory (work) hypertrophy; the second is hypertrophy on the stage of decompensation.
M/E Cardiac muscle cells of hypertro-phied myocardium are increased. Note that the nuclei in the hypertrophied cardiac muscle are also increased and they are hyperchromic. There are many blood vessels in the enlarged stroma.
    The hormonal (neurohumoral) hypertrophy not has compensatory value. It may not occur uniformly throughout a tissue; instead, nodules of excessive cell growth (hyperplastic nodules) develop between areas of normal tissue, giving rise to the term nodular hyperplasia. Most examples of nodular hyperplasia occur in tissues in which cells are responding to a trophic hormone. It is likely that the hyperplasia seen in these conditions is a result of a disturbance in the hormone responsiveness of the target tissue. Nodular hyperplasia is seen most commonly in the prostate gland, thy​roid gland, adrenal gland and the breast. 
    Hypertrophy of the pros​tate gland
 G/A Shows the dilated urinary bladder with increased fascicles and enlarged prostate gland. The cut surface shows the nodules, which are the result of nodular hyperplasia of the glands located around the membranous part of the prostatic ureihra. This is an extremely common condition in elderly men, resulting in compres​sion of the prostatic urethra and difficulty with micturition. 
    Glandular hyperplasia of the endometrium
M/E Shows greatly thickened endometrium, which is char​acterized by an increase in the number of cells in each gland. The glands have twisty shape (saw-toothed, corkscrew-like); some of them have dilated lumen and appear​ance of cyst. The glands epithelium proliferates; the stroma is reach by cellular ele​ments.
    Vicarious hypertrophy and hypoplasia of kidneys
G/A Shows two kidneys. One of them is underdeveloped, small. Loss of function of this kidney is compensated for by the other kidney, which undergoes hypertrophy (leading to en​largement) and takes on double the workload. This enlargement of paired organ is named as vicarious (substitutional) hypertrophy. It's has compensatory function.
     Atrophy is a decrease in the size of a tissue or an organ, resulting from a decrease in the size of individual cells composing the tissue with decrease of their function. Note that atrophy, which is a decrease in size of a normally formed organ, is distinct from agenesis, aplasia, and hypoplasia, which are abnormalities in organ develop​ment. Atrophy has adaptive function. There are distinguished following types of at​rophy: physiological and pathological, general (cachexia) and local. At cachexia the liver, heart, skeletal muscles decrease in the size and have macroscopically evident brown coloration (brown atrophy). 
    The types of local atrophy:
dysfunctional (atrophy of disuse);
-  from nutritional or oxygen deprivation;
- denervation atrophy (lack of nerve stimulation in peripheral muscles from injury to motor nerves).
-  pressure atrophy
- atrophy due to loss of trophic horones.
    Hydrocephalus and hydronephrosis are the examples of pressure atrophy. 
    Hydrocephalus

G/A Shows the brain with dilatation of the cerebral ven tricular cavities and thinned white matter and cortex. The obstruction of the CSF drainage pathways leads to increase in CSF volume within the brain, to accumula​tion of cerebrospinal fluid in the ventricular cavities, to prolonged compression of brain tissue and to development of pressure atrophy. 
    Hydronephrosis
G/A The kidney is enlarged; there is severe loss of renal parenchyma around a grossly dilated renal pelvicalyceal system. The cortex and medulla distinguish hardly. 
    Metaplasia is an abnormality of cellular differentiation in which one type of ma​ture cell is replaced by a different type of mature cell in scope of one embryonic leaf Table 22. Metaplasia is adaptive process. It is realized hy scissiparity of cambial elements (stem cells), which change into tissue of different kind. Metaplasia most commonly involves epithelium. As the germinative stem cells multiply to replace cells shed at the surface, they differentiate in a manner that is abnormal for that location, resulting in epithe​lium of a type different from that usually present.
    In squamous metaplasia - the most common type of epithelial metaplasia- non squamous pseudostratified columnar or cuboidal epithelium is replaced by a normal-appearing stratified squamous epithelium. Squamous metaplasia is common in the endocervix and the bronchial mucosa; it occurs less frequently in the endometrium and urinary bladder.
	Type of Metaplasia
	Site
	Causative Factors

	Epithelial metaplasia
Squamous metaplasia
	Multiple sites Bronchus
Endoccrvix Urinary bladder
	Vitamin A deflciency
Cigarette smoking, chronic
inflammation Chronic
inflammation Chronic
inflammation, schistoso-
miasis

	Intestinal metaplasia
	Esophagus Stomach
	Acid reflux, Alkaline re-
flux, chronic inflammation

	Gastric metaplasia
	Esophagus Intestine
	Acid reflux Unknown

	Serous or mucinous
metaplasia
	Germinal epithelium
of ovary
	Trauma of multiple
Ovulation

	Mesenchymal metaplasia
Osseous metaplasia
	Fibrous scars. Areas
of calcification
	Unknown
Unknown


   Table 22
 Glandular metaplasia occurs in the esophagus, where the normal squamous epi​thelium is replaced by a glandular, mucus-secreting epithelium (either gastric or in​testinal in type), usually as a result of acid reflux into the esophagus. Metaplasia may also occur in the stomach and intestine, where the mucosa of one part is replaced by that of another, eg, replacement of gastric mucosa with intestinal mucosa (intestinal metaplasia) or vice versa (gastric metaplasia).
    Metaplasia most commonly occurs in epithelial tisuses, but may also be seen else​where. For example, areas of fibrous tissue exposed to chronic trauma may form bone (osseous metaplasia).
    Myeloid metaplasia (extramedullar) hematopoiesis) is proliferation of hematopoi​etic tissue in sites other than bone marrow, such as the liver or spleen.
    Most metaplasia is of little clinical significance, although important functional deficits may result in some areas; loss of cilia and of mucus production in the bronchi may predispose to development of infection. Metaplastic tissue is structurally nor-mal and itself carries no increased risk of development of cancer. However, dysplastic changes are often present as well, and cancer does occur in metaplastic epithelia un​der such circumstances. Squamous carcinoma develops in metaplastic squamous ep​ithelium in the bronchus, and adenocarcinoma may arise in the esophagus from meta​plastic glandular epithelium.
    Dysplasia is an abnormality of both differentiation and maturation.
NOTE.
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LESSON №12
TOPIC:TUMORS. GENERAL INFORMATION. EPITHELIAL: BENIGN AND MALIGNANT
NOMENCLATURE AND CLASSIFICATION
    INTRODUCTION. The term 'neoplasia' means new growth; the new growth produced is called 'neoplasm' or 'tumour'. However, all 'new growths' are not neoplasms since examples of new growth of tissues and cells also exist in the processes of embryogenesis, regeneration and repair, hyperplasia and hormonal stimulation.
     Therefore, satisfactory definition of a neoplasm or tumour is 'a mass of tissue formed as a result of abnormal, excessive, uncoordinated, autonomous and purposeless proliferation of cells'. Neoplasms may be 'benign' when they are slow-growing and localised without causing much difficulty to the host, or 'malignant' when they proliferate rapidly, spread throughout the body and may eventually cause death of the host. The common term used for all malignant tumours is cancer.
    All tumours, benign as well as malignant, have 2 basic components:
■ 'Parenchyma' comprised by proliferating tumour cells; parenchyma determines the nature and evolution of the tumour.
■ 'Supportive stroma' composed of fibrous connective tissue and blood vessels; it provides the framework on which the parenchymal tumour cells grow.
    The tumours derive their nomenclature on the basis of the parenchymal component comprising them. The suffix '-oma' is added to denote benign tumours. Malignant tumours of epithelial origin are called carcinomas, while malignant mesenchymal tumours are named sarcomas {sarcos = fleshy). However, some cancers are composed of highly undifferentiated cells and are referred to as undifferentiated malignant tumours.
    Some examples contrary to this concept are: melanoma for carcinoma of the melanocytes, hepatoma for carcinoma of the hepatocytes, lymphoma for malignant tumour of the lymphoid tissue, and seminoma for malignant tumour of the testis. Leukaemia is the term used for cancer of blood forming cells.
Classification of tumours is based on three principles:
1) Histogenesis In dependence of germinal  tissue the tumors can be: 1. ectodermal. 2. endodermal. 3. mesodermal. 4. Mixed (teratomas).
2) Degree of maturity (benign, malignant tumors and tumours, with local invasive growth-  it is tumours with local invasive growth, cellular atypism, but they never have metastasises. 
3) Organo-specificity.
So distinguished seven groups of tumors:
1. Epithelial tumors without specific localization (organononspecific);
2. Tumours of ecso-, endocrinic glands, and epithelial tissue (organospecific);
3. Tumors of melaninformating tissues;
4. Tumors of nervous system and meninges;
5. Mesenchymal tumors;
6. Tumors of blood system;
7. Teratomas.
SPECIAL CATEGORIES OF TUMOURS. These are as under:
1.  Mixed tumours. When two types of tumours are combined in the same tumour, it is called a mixed tumour. For example:
i) Adenosquamous carcinoma is the combination of adenocarcinoma and squamous cell carcinoma in the endometrium.
ii) Adenoacanthomais the mixture of adenocarcinoma and benign squamous elements in the endometrium.
iii) Carcinosarcoma is the rare combination of malignant tumour of the epithelium (carcinoma) and of mesenchymal tissue (sarcoma) e.g. carcino sarcoma in thyroid.
iv) Collision tumour is the term used for morphologically two different cancers in the same organ which do not mix with each other.
v) Mixed tumour of the salivary gland (or pleomorphic adenoma) is the terrrused for benign tumour having combination of both epithelial and mesenchymal tissue elements.
2. Teratomas. These tumours are made up of a mixture of various tissue types arising from totipotent cells derived from the three germ cell layers ectoderm mesoderm and endoderm. Most common sites for teratomas are ovaries and testis (gonadal teratomas). But they occur at extragonadal sites as well,
mainly in the midline of the body such as in the head and neck region, mediastinum, retroperitoneum, sacrococcygeal region etc.
3. Blastomas. Blastomas or embryomas are a group of malignant tumours which arise from embryonal or partially differentiated cells which would normally form blastema of the organs and tissue during embryogenesis. These tumours occur more frequently in infants and children (under 5 years of age) and include some examples of tumours in this age group: neuroblastoma, nephroblastoma (Wilms tumour),  hepatoblastoma,  retinoblastoma, medulloblastoma, pulmonary blastoma.
4. Hamartoma. Hamartoma is benign tumour which is made of mature but disorganised cells of tissues indigenous to the particular organ e.g. hamartoma of the lung consists of mature cartilage, mature smooth muscle and epithelium.
6. Choristoma. Choristoma is the name given to the ectopic islands of normal tissue. Thus, choristoma is heterotopia but is not a true tumour. CLASSIFICATION. The currently used classification of tumours is based on the histogenesis (i.e. cell of origin) and on the anticipated behaviour.
CHARACTERISTICS OF TUMOURS 
    The characteristics of tumours are described under the following headings:
I. Rate of growth
II. Clinical and gross features
III. Microscopic features
IV. Local invasion (Direct spread)
V. Metastasis (Distant spread)
Based on these characteristics, contrasting features of benign and malignant tumours are summarised in Table 23.
I. RATE OF GROWTH 
KINDS OF  growth OF THE TUMOUR:

    In dependences on quantity of the focuses of originating it can be:

а) unicentral (one focus).
b) multicentric growth (it is  lot of focus). 
    In dependence on a degree of maturity of a tumour and relation to an environmental tissue growth can be:

а) appositive growth -due to tumoral transformation of environmental cells.
b) expansive growth of a tumour «from itself» when it removes environmental tissues, does not insinuate into them, and frequently capsula formed. This growth is characteristic for benign tumours.
c) invasive growth (infiltrating growth) - when the tumour grows into environmental tissues, such growth is characteristic for malignant tumours.
    In relation to a lumen of hollow organ the growth can be :

a) exophytic growth –when the tumours grows in a lumen of a hollow organ.

b) Endophytic growth  when the tumour grows in a wall of a hollow organ and environmental tissues, and the lumen remains free.
    The tumour cells generally proliferate more rapidly than the normal cells. In general, benign tumours grow slowly and malignant tumours rapidly. The rate at which the tumour enlarges depends upon 2 main factors:
1. Rate of division and destruction of tumour cells. In general, malignant tumour cells have increased mitotic rate and slower death rate i.e. the cancer cells do not follow normal controls in cell cycle and are immortal. If the rate of cell division is high, it is likely that tumour cells in the centre of the tumour do not receive adequate nourishment and undergo ischaemic necrosis.
2. Degree of differentiation. Secondly, the rate of growth of malignant tumour is directly proportionate to the degree of differentiation. Poorly differentiated tumours show aggressive growth pattern as compared to better differentiated tumours. Some tumours, after a period of slow growth, may suddenly show spurt in their growth due to development of an aggressive clone of malignant cells. On the other hand, some tumours may cease to grow after sometime.
The regulation of tumour growth is under the control of growth factors secreted by the tumour cells: i) Epidermal growth factor (EGF) ii)  Fibroblast growth factor (FGF) iii) Platelet-derived growth factor (PDGF) iv) Colony stimulating factor (CSF) v) Transforming growth factors-p (TGF-P) vi) Interleukins(IL).
II. CLINICAL AND GROSS FEATURES 
    Clinically, benign tumours are generally slow growing, and depending upon the location, may remain asymptomatic (e.g. subcutaneous lipoma), or may produce serious symptoms (e.g. meningioma in the nervous system). On the other hand, malignant tumours grow rapidly, may ulcerate on the surface, invade locally into deeper tissues, may spread to distant sites (metastasis), and also produce systemic features such as weight loss, anorexia and anaemia. In fact, two of the cardinal clinical features of malignant tumours are: invasiveness and metastasis.
    The gross appearance of benign and malignant tumours may be quite variable. However, certain distinctive features characterise almost all tumours- they have a different colour, texture and consistency as compared to the surrounding tissue of origin. Gross terms such as papillary, fungating, infiltrating, haemorrhagic, ulcerative and cystic are used to describe the macroscopic appearance of the tumours.
■ Benign tumours are generally spherical or ovoid in shape. They are encapsulated or well-circumscribed, freely movable, more often firm and uniform, unless secondary changes like haemorrhage or infarction supervene.
■  Malignant tumours, on the other hand, are usually irregular in shape, poorly-circumscribed and extend into the adjacent tissues. Secondary changes like haemorrhage, infarction and ulceration are seen more often. Sarcomas typically have fish-flesh like consistency while carcinomas are generally firm.
Differienties between Benign and Malignant tumours in Table 23
	
	FEATURES
	BENIGN
	MALIGNANT

	I.
	CLINICAL AND GROSS FEATURES
	

	
	1. Boundaries
	Encapsulated or well circumscribed
	Poorly-circumscribed and
irregular

	
	2. Surrounding tissue
	Often compressed
	Usually invaded

	
	3. Size
	Usually small
	Often larger

	
	4. Secondary changes
	Occur less often
	Occur more often

	II.
	MICROSCOPIC FEATURES
	

	
	1.Pattern
	Usually resembles the tissue of origin closely
	Often poor resemblance to
tissue of origin

	
	2. Basal polarity
	Retained
	Often lost

	
	3. Pleomorphism
	Usually not present
	Often present

	
	4.Nucleocytoplasmic
ratio
	Normal
	Increased

	
	5. Anisonucleosis
	Absent
	Generally present

	
	6. Hyperchromatism
	Absent
	Often present

	
	7. Mitoses
	May be present but are always typical mitoses
	Mitotic figures increased and are generally atypical and abnormal

	
	8.Tumour giant cells
	May be present but without nuclear atypia
	Present with nuclear atypia

	
	9. Chromosomal
abnormalities
	Infrequent
	Invariably present

	
	10. Function
	Usually well maintained
	May be retained, lost or become abnormal

	III.
	GROWTH RATE
	Usually slow
	Usually rapid

	IV.
	LOCAL INVASION
	Often compresses the surrounding tissues without invading or infiltrating them
	Usually infiltrates and invades the adjacent tissues

	V.
	ATYPIA
	Histic
	Histic and cellular

	VI.
	METASTASIS
	Absent
	Frequently present

	VII.
	PROGNOSIS
	Local complications
	Death by local and metastatic complications


Table 23
III. MICROSCOPIC FEATURES 
    For recognising and classifying the tumours, the microscopic characteristics of tumour cells are of greatest importance.
1. Microscopic Pattern 
     The tumor has got morphological, biochemical, histochemical and antigenic atypia. Thus abnormal features of cells and tissue are marked in it (cataplasia). Morpho​logical atypia is displaid as histic and cellular. Histic atypia is based on abnormality of tumorous histic organization and is present both in benign and malignant tumours. Cellular atypia is characterized by cellular and intracellular differences in shape and size, variation in nucleocy toplasmic interrelation, appearance of pathological forms of mitosises (typical malignant tumors characteristic). Biochemical (histochemical) aty​pia is expressed in change of tumoral tissue metabolism, antigenic atypia is expressed in appearance of new antigenic features in tumor tissue. Neoplasm are classified as either malignant or benign, based on their behavior. They are also described by terms derived from the appearance of the neoplasm, tissue of origin, or degree of differentiation.
The tumour cells may be arranged in a variety of patterns in different tumours as under:
■ The epithelial tumours generally consist of acini, sheets, columns or cords of epithelial tumour cells that may be arranged in solid or papillary pattern.
■ The mesenchymal tumours have mesenchymal tumour cells arranged as interlacing bundles, fasicles or whorls, lying separated from each other usually by the intercellular matrix substance.
■ Certain tumours have mixed patterns e.g. teratoma arising from totipotent cells, pleomorphic adenoma of salivary gland (mixed salivary tumour), fibroadenoma of the breast, carcinosarcoma of the uterus and various other combinations of tumour types.
■ Haematopoietic tumours such as leukaemias and lymphomas often have none or little stromal support.
■ Generally, most benign tumours and low grade malignant tumours reduplicate the normal structure of origin more closely so that there is little difficulty in identifying and classifying such tumours. However, anaplastic tumours differ greatly from the arrangement in normal tissue of origin of the tumour and may occasionally pose problems in classifying the tumour.
2. Cytomorphology of Neoplastic Cells (Differentiation and Anaplasia) 
    The neoplastic cell is characterised by morphologic and functional alterations, the most significant of which are 'differentiation' end 'anaplasia'. Differentiation is defined as the extent of morphological and functional resemblance of parenchymal tumour cells to corresponding normal cells. If the deviation of neoplastic cell in structure and function is minimal as compared to normal cell, the tumour is described as 'well-differentiated' such as most benign and low-grade malignant tumours. 'Poorly differentiated', 'undiffe-rentiated' or 'dedifferentiated' are synonymous terms for poor structural and functional resemblance to corresponding normal cell.
■ Anaplasia is lack of differentiation and is a characteristic feature of most malignant tumours. Depending upon the degree of differentiation, the extent of anaplasia is also variable i.e. poorly differentiated malignant tumours have high degree of anaplasia.
As a result of anaplasia, noticeable morphological and functional alterations in the neoplastic cells are observed (Fig 9.).
3. Tumour Angiogenesis and Stroma 
TUMOUR ANGIOGENESIS. In order to provide nourishment to growing tumour, new blood vessels are formed from pre-existing ones (angiogenesis).
[image: image12.jpg]


i) Microvascular density. The new capillaries add to the vascular density of the tumour which has been used as a marker to assess the rate of growth of tumours and hence grade the tumours. This is 
Fig 9
done by counting microvascular density in the section of the tumour.
ii) Central necrosis. However, if the tumour outgrows its blood supply as occurs in rapidly growing tumours or tumour angiogenesis fails, its core undergoes ischaemic necrosis.
TUMOUR STROMA. The collagenous tissue in the stroma may be scanty or excessive. In the former case, the tumour is soft and fleshy (e.g. in sarcomas, lymphomas), while in the latter case the tumour is hard and gritty (e.g. infiltrating duct carcinoma breast). Growth of fibrous tissue in tumour is stimulated by basic fibroblast growth factor (bFGF) elaborated by tumour cells.
■ If the epithelial tumour is almost entirely composed of parenchymal cells, it is called medullary e.g. medullary carcinoma of the breast, medullary carcinoma of the thyroid.
■ If there is excessive connective tissue stroma in the epithelial tumour, it is referred to as desmoplasia and the tumour is hard or scirrhous e.g.infiltrating duct carcinoma breast, linitis plastica of the stomach.
The SECONDARY CHANGES IN the TUMOUR. 

a) Necrosises
b) Hemorrhages
c) Inflammation
d) Calcification
e) Sliming
INFLUENCE of the TUMOUR ON the ORGANISM: it diveded on local and  general.
    Local it is typical for benign tumours, manifest itself as compress environmental tissues with development in them of necrosises and hemorrhages.

    The general - is more typical of malignant tumours manifest itself as: а) cachexia, b) disbolism (hypoproteinemia, anemia, etc.) 
 4. Inflammatory Reaction
    At times, prominent inflammatory reaction is present in and around the tumours. It could be the result of ulceration in the cancer when there is secondary infection. The inflammatory reaction in such instances may be acute or chronic. However, some tumours show chronic inflammatory reaction, chiefly of lymphocytes, plasma cells and macrophages, and in some instances granulomatous reaction, in the absence of ulceration. This is due to cell-mediated immunologic response by the host in an attempt to destroy the tumour. In some cases, such an immune response improves the prognosis. The examples of such reaction are: seminoma testis, malignant melanoma of the skin, lymphoepithelioma of the throat, medullary carcinoma of the breast, choriocarcinoma, Warthin's tumour of salivary glands etc. 
IV. LOCAL INVASION (DIRECT SPREAD) 
    BENIGN TUMOURS. Most benign tumours form encapsulated or circum​scribed masses that expand and push aside the surrounding normal tissues without actually invading, infiltrating or metastasising. 
    MALIGNANT TUMOURS. Malignant tumours also enlarge by expansion and some well-differentiated tumours may be partially encapsulated as well e.g. follicular carcinoma thyroid. But characteristically, they are distinguished from benign tumours by invasion, infiltration and destruction of the surrounding tissue, besides distant metastasis. Often, cancers extend through tissue spaces, permeate lymphatics, blood vessels, perineural spaces and may penetrate a bone by growing through nutrient foramina.

V. METASTASIS (DISTANT SPREAD)
    Metastasis is defined as spread of tumour by invasion in such a way that discontinuous secondary tumour mass/masses are formed at the site of lodgement. Metastasis and invasiveness are the two most important features to distinguish malignant from benign tumours. Benign tumours do not metastasise while all the malignant tumours with a few exceptions like gliomas of the central nervous system and basal cell carcinoma of the skin, can metastasise. Generally, larger, more aggressive and rapidly-growing tumours are more likely to metastasise but there are numerous exceptions.
    Routes of Metastasis 
Cancers may spread to distant sites by following pathways:
1. LYMPHATIC SPREAD. In general, carcinomas metastasise by lymphatic route while sarcomas favour haematogenous route. However, sarcomas may also spread by lymphatic pathway. The involvement of lymph nodes by malignant cells may be of two forms:
i) Lymphatic permeation. The walls of lymphatics are readily invaded by cancer cells and may form a continuous growth in the lymphatic channels called lymphatic permeation.
ii) Lymphatic emboli. Alternatively, the malignant cells may detach to form tumour emboli so as to be carried along the lymph to the next draining lymph node. The tumour emboli enter the lymph node at its convex surface and are lodged in the subcapsular sinus where they start growing.
■ Generally, regional lymph nodes draining the tumour are invariably involved producing regional nodal metastasis e.g. from carcinoma breast to axillary lymph nodes, from carcinoma thyroid to lateral cervical lymph nodes, bronchogenic carcinoma to hilar and рага-tracheal lymph nodes etc.
■ However, ail regional nodal enlargements are not due to nodal metastasis because necrotic products of tumour and antigens may also incite regional lymphadenitis of sinus histiocytosis.
■  Sometimes lymphatic metastases do not develop first in the lymph node nearest to the tumour because of venous-lymphatic anastomoses or due to obliteration of lymphatics by inflammation or radiation, so called skip metastasis.
■ Other times, due to obstruction of the lymphatics by tumour cells, the lymph flow is disturbed and tumour cells spread against the flow of lymph causing retrograde metastases at unusual sites e.g. metastasis of carcinoma prostate to the supraclavicular lymph nodes, metastatic deposits from bronchogenic carcinoma to the axillary lymph nodes.
■ Virchow's lymph node is nodal metastasis preferentially to supraclavicular lymph node from cancers of abdominal organs e.g. cancer stomach, colon, and gall bladder.
It is believed that lymph nodes in the vicinity of tumour perform multiple roles- as initial barrier filter, and in destruction of tumour cells, while later provide fertile soil for growth of tumour cells.
2. HAEMATOGENOUS SPREAD. Blood-borne metastasis is the common route for sarcomas but certain carcinomas also frequently metastasise by this mode, especially those of the lung, breast, thyroid, kidney, liver, prostate and ovary. The common sites for blood-borne metastasis are: the liver, lungs, brain, bones, kidney and adrenals, all of which provide 'good soil' for the growth of 'good seeds' (seed-soil theory). However, a few organs such as spleen, heart, skeletal muscle do not allow tumour metastasis to grow. Spleen is unfavourable site due to open sinusoidal pattern which does not permit tumour cells to stay there long enough to produce metastasis.
■ Systemic veins drain blood into vena cavae from limbs, head and neck and pelvis. Therefore, cancers of these sites more often metastasise to the lungs.
■ Portal veins drain blood from the bowel, spleen and pancreas into the liver. Thus, tumours of these organs frequently have secondaries in the liver.
■ Arterial spread of tumours is less likely because they are thick-walled and contain elastic tissue which is resistant to invasion. Nevertheless, arterial spread may occur when tumour cells pass through pulmonary capillary bed.
■ Retrograde spread by blood route may occur at unusual sites due to retrograde spread after venous obstruction, just as with lymphatic metastases. Important examples are vertebral metastases in cancers of the thyroid and prostate.
G/A Blood-borne metastases in an organ appear as multiple, rounded nodules of varying sizes, scattered throughout the organ. Sometimes, the metastasis may grow bigger than the primary tumour.
M/E The secondary deposits generally reproduce the structure of primary tumour. However, the same primary tumour on metastasis at diferent sites may show varying grades of differentiation.
3. SPREAD ALONG BODY CAVITIES AND NATURAL PASSAGES.
Uncommonly, some cancers may spread by seeding at other surfaces. These routes of distant spread are as under:
i) Transcoelomic spread. Certain cancers invade through the serosal wall of the coelomic cavity so that tumour fragments or clusters of tumour cells break off to be carried in the coelomic fluid and are implanted elsewhere in the body cavity e.g.
a) carcinoma of the stomach seeding to both ovaries (Krukenberg tumour);
b) carcinoma of the ovary,
c) pseudomyxoma peritonei; and
d) carcinoma of the bronchus and breast seeding to the pleura and pericar​dium.
ii) Spread along epithelium-lined surfaces. It is unusual for a malignant tumour to spread along the epithelium-lined surfaces because intact epithelium and mucus coat are quite resistant to penetration by tumour cells. However, exceptionally a malignant tumour may spread through:
a) the fallopian tube from the endometrium to the ovaries or vice-versa;
b) through the bronchus into alveoli; and
c) through the ureters from the kidneys into lower urinary tract.
iii) Spread via cerebrospinal fluid. Malignant tumour of the ependyma and leptomeninges may spread by release of tumour fragments and tumour cells into the CSF and produce metastases at other sites in the central nervous system.
iv) Implantation. Rarely, a tumour may spread by implantation by surgeon's scalpel, needles, sutures, or may be implanted by direct contact such as transfer of cancer of the lower lip to the apposing upper lip.
MECHANISM AND BIOLOGY OF INVASION AND METASTASIS 
    The process of local invasion and distant spread (by lymphatic and haematogenous routes) discussed above involves passage through barriers before gaining access to the vascular lumen. This includes making the passage by the cancer cells by dissolution of extracellular matrix (ECM) at three levels- at the basement membrane of tumour itself, at the level of interstitial connective tissue, and at the basement membrane of microvasculature. The following steps are involved at the cell molecular level:
1. Aggressive clonal proliferation and angiogenesis. Development of rapidly proliferating clone of cancer cells is explained on the basis of tumour heterogeneity, i.e. in the population of monoclonal tumour cells, a subpopu-lation or clone of tumour cells has the right biologic characteristics to complete the steps involved in the development of metastasis. Tumour angiogenesis  plays a very significant role in metastasis.
2. Tumour cell loosening. Normal cells remain glued to each other due to presence of cell adhesion molecules (CAMs), E (epithelial)-cadherin. In epithelial cancers there is either loss or inactivation of E-cadherin and also other CAMs of immunoglobulin superfamily.
3. Tumour cell-ECM interaction. Loosened cancer cells now are attached to ECM proteins, mainly laminin and fibronectin. This attachment is facilitated due to profoundness of receptors on the cancer cells for both these proteins.
4. Degradation of ECM. Tumour cells overexpress proteases and matrix-degrading enzymes,   metalloproteinases  that includes collagenases and gelatinase, while the inhibitors of metalloproteinases are decreased. Another protease, cathepsin D, is also increased in certain cancers.
5. Entry of tumour cells into capillary lumen. The tumour cells after degrading the basement membrane are ready to migrate into lumen of capillaries or venules for which the following mechanisms play a role:
i)  Autocrine motility factor (AMF) is a cytokine derived from tumour cells and stimulates receptor-mediated motility of tumour cells. ii) Cleavage products of matrix components which are formed following degradation of ECM have properties of tumour cell chemotaxis, growth promotion and angiogenesis in the cancer.
6. Thrombus formation. The tumour cells protruding in the lumen of the capillary are now covered with constituents of the circulating blood and form the thrombus. Thrombus provides nourishment to the tumour cells and also protects them from the immune attack by the circulating host cells.
7. Extravasation of tumour cells. Tumour cells in the circulation (capillaries, venules, lymphatics) may mechanically block these vascular channels and attach to vascular endothelium. In this way, the sequence similar to local invasion is repeated and ihe basement membrane in exposed.
8. Survival and growth of metastatic deposit. The extravasated malignant cells on lodgement in the right environment grow further under the influence of growth factors produced by host tissues, tumour cells and by cleavage products of matrix components. These growth factors in particular include: PDGF, FGF, TGF-p and VEGF.
PROGNOSTIC MARKERS 
Recent evidence has shown that in metastatic tumours, survival of host is correlated with some clinical and molecular features of tumours which act as prognostic markers.
i) Clinical prognostic markers: Size, grade, vascular invasion and nodal involvement by the tumour.
ii)  Molecular prognostic markers: Molecular markers indicative of poor
prognosis in certain specific tumours are:
a) expression of an oncogene by tumour cells (C-met);
b) CD 44 molecule;
c) oestrogen receptors;
d) epidermal growth factor receptor;
e) angiogenesis factors and degree of neovascularisation; and
f) expression of metastasis associated gene or nucleic acid (MAGNA) in the DNA fragment in metastasising tumour.
GRADING AND STAGING OF CANCER 
    'Grading' and 'staging' are the two systems to determine the prognosis and choice of treatment after a malignant tumour is detected. Grading is defined as the macroscopic and microscopic degree of differentiation of the tumour, while staging means extent of spread of the tumour within the patient.
Grading 
    Grading is largely based on 2 important histologic features: the degree of anaplasia, and the rate of growth. Based on these features, cancers are categorised from grade I as the most differentiated, to grade III or IV as the most undifferentiated or anaplastic. Broders'grading is as under:
Grade I: Well-differentiated (less than 25% anaplastic cells).
Grade II: Moderately-differentiated (25-50% anaplastic cells).
Grade III: Moderately-differentiated (50-75% anaplastic cells).
Grade IV: Poorly-differentiated or anaplastic (more than 75% anaplastic cells).
Staging 
    The extent of spread of cancers can be assessed by 3 ways- by clinical examination, by investigations, and by pathologic examination of the tissue removed. Two important staging systems currently followed are: TNM staging and AJC staging.
TNM staging. (T for primary fumour, N for regional nodal involvement, and M for distant metastases) was developed by the UICC (Union Internationale Contre Cancer, Geneva).
AJC staging. (American Joint Committee staging) divides all cancers into stage 0 to IV, and takes into account all the 3 components of the preceding system (primary tumour, nodal involvement and distant metastases) in each stage.
EPITHELIAL organ-non -specific TUMOURS
    are tumours which have no morphological specificity and can arise in different organs. They ussualy grow from а) squamose epitelium, transitional epitelium b) or a glandular epithelium (ciliary, prismatic, cylindrical, etc.). 
Benign tumours: 1. The papilloma educes from an integumentary epithelium. Papillomas of urinary bladder and a larynx can be complicated: а) an inflammation, b) a bleeding, в) frequently become malignant, and after removing can recur. 2. The adenomas educes from glandular epithelium, in dependence on a constitution it can be: а) acinar, b) tubular, c) papillary, d) solid (trabecular), e) fibroadenoma it is a lot of connective tissue, е) adenomatous polyp (grows on mucosas).
MALIGNANT TUMOURS is a cancer.
 Cancer- it is  malignant tumour from an epithelium. On a constitution  different microscopic forms of a cancer: 1. The squamose cells cancer - arises from a squamose epitelium and it can be in  skin, mucous of oral cavity, esophagus, larynx, cervix of a uterus or there it occurs as a result of a metaplasia. The squamose cells cancer can be: а) without a keratinization, b) with a keratinization (formation of «cancer pearls». 2. The adenocarcinoma arises from a glandular epithelium (in stomach, intestine, lung, etc.). According the structure it can be: а) acinar, b) tubular, c) papillary 3.   The cancer in situ (cancer in situ) - a cancer in which is cellular atypism, but is not present invasive growth. It arises both in squamose epitelium, and in a glandular epithelium. More often it find in such organs as a larynx, a stomach and cervix of a uterus. 4. The solid cancer  (trabecular) is characterizes by fields of epithelial cells separate by layers of a connective tissue, arises from a glandular epithelium. 5. The scirrhous carcinoma (scirrhus) - arises from cells, glandular epithelium, is characterized by predominance of a stroma, therefore very dense consistence. 6. The medullary cancer (cerebriform) grows from a glandular epithelium, is characterized by predominance of a parenchyma over a stroma, therefore a soft consistence (as a brain). 7. The mucous cancer (colloidal) - grows from a glandular epithelium, is characterized by accumulation in cells and outside of cells of mucilage. Cells with mucilages we call “signet ring-cells”. 8. The small-cells cancer - will consist from small (like lymphocyte  cells separating by  connective tissue. Arises from basal cells, precursors of a glandular epithelium. On the clinical and morphological features a cancer it is possible to divide into 2 types: 1. The differentiated cancer it is similar to that tissue from which has developed, not so quickly grows and not so quickly have metastasises. It includes: а) a cancer in situ, b) squamose cells cancer, c) an adenocarcinoma. 2. Undifferentiated it is not similar to that tissue from which has grown, very quickly grows and yields wide-spread metastasises. To it concern: а) solid, b) fibrous, c) trabecular, d) cerebriform, е) small-cells.
NOTE.
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

LESSON №13
TOPIC:TUMORS. ORGANOSPECIFIC EPITHELIAL TUMORS
    Organospecific tumours develop from cells of the certain organ and keep its morphofunctional features. Cells of epithelial organospecific tumours frequently keep function of initial tissue and secrete products of their activity in an organism. Some​times these products secrete in such quantity that determine their clinical display and promotes diagnostics of such tumours. Organospecific tumours observe in endocrine glands and organs with exocrinic secretion.
Hepatocellular Carcinoma
    Hepatocellular or liver cell carcinoma (HCC), sometimes termed hepatoma, is the most common primary malignant tumour of the liver. The tumour shows marked geographic variations in incidence which is closely related to hepatitis B virus infection in the region. Whereas the prevalence of HCC is less than 1 % of all autopsies in the United States and Europe, the incidence in Africa and South-East Asia is 2-8%. Liver cell cancer is 4-6 times more common in males than in females. The peak incidence occurs in 5th to 6th decades of life but in high incidence areas where HBV infection is prevalent, it occurs a decade or two earlier. The tumour supervenes on cirrhosis, usually post-necrotic macro-nodular type, in 70-80% of cases.
G/A The HCC may form one of the following 3 patterns of growth, in decreasing order of frequency:
 i) Expanding type: Most frequently, it forms a single, yellow-brown, large  mass, most often in the right lobe of the liver with central necrosis, haemorrhage  and occasional bile-staining.
ii) Multifocal type: Less often, multifocal, multiple masses, 3-5 cm in diameter, scattered throughout the liver are seen.
iii) Infiltrating (Spreading) type: Rarely, the HCC forms diffusely infiltrating tumour mass. 
M/E The tumour cells in the typical HCC resemble hepatocytes but vary with the degree of differentiation, ranging from well-differentiated to highly anaplastic  lesions. Most of the HCC have trabecular growth pattern.
1. Histologic patterns: These include the following:
i) Trabecular or sinusoidal pattern is the most common. The trabeculae are made up of 2-8 cell wide layers of tumour cells separated by vascular spaces.
ii) Pseudoglandular or acinar pattern is seen sometimes.
iii) Compact pattern resembles trabecular pattern but the tumour cells form large solid masses with inconspicuous sinusoids.
iv) Scirrhous pattern is characterised by more abundant fibrous stroma.
2. Cytologic features: The typical cytologic features in the HCC consist of cells resembling hepatocytes having vesicular nuclei with prominent nucleoli. The cytoplasm is granular and eosinophilic but becomes increasingly basophilic with increasing malignancy. Aside from these features, a few other cytologic variants are: pleomorphism, bizarre giant cell formation, spindle-shaped cells, tumour cells with clear cytoplasm, presence of bile within dilated canaliculi, and intracytoplasmic Mallory's hyalin.
FIBROLAMELLAR CARCINOMA. 
    A clinicopathologic variant of the HCC is fibrolamellar carcinoma of the liver found in young people of both sexes. The tumour forms a single large mass which may be encapsulated and occurs in the absence of cirrhosis.
M/E The tumour is composed of eosinophilic polygonal cells (oncocytes) forming cords and nests which are separated by bands of fibrous stroma.
The prognosis of fibrolamellar carcinoma is better than other forms of HCC.
CLINICAL FEATURES. 
    Hepatic cancer may remain undetected initially because it often occurs in patients with underlying cirrhosis. The usual features consist of hepatomegaly with palpable mass in the liver, right upper quadrant pain or tenderness, and less often, jaundice, fever and haemorrhage from oesophageal varices. Ascites with RBCs and malignant cells is found in about half the patients. Rarely, systemic endocrine manifestations such as hyper-calcaemia, hypoglycaemia, gynaecomastia and acquired porphyria are encoun​tered.
Laboratory findings yield nonspecific results like anaemia, markedly elevated serum alkaline phosphatase as found in cirrhosis, and high serum alpha-foetoprotein (AFP).
SPREAD. The tumour spreads by following routes.
■ Intrahepatic spread occurs by haematogenous route and forms multiple metastases in the liver.
■ Extrahepatic spread occurs via hepatic or portal veins to different sites, chiefly to lungs and bones, and by lymphatic route to regional lymph nodes at the porta hepatis and to mediastinal and cervical lymph nodes.
    The causes of death from the HCC are cachexia, massive bleeding from oesophageal varices, and liver failure with hepatic coma.
Cholangiocarcinoma
    Cholangiocarcinoma is the designation used for carcinoma arising from bile duct epithelium within the liver (peripheral cholangiocarcinoma). Carcinomas arising from the large hilar ducts (hilar cholangiocarcinoma) and from extrahepatic ducts are termed bile duct carcinomas. None of the etiologic factors related to HCC have any role in the genesis of cholangiocarcinoma. However, the etiological factors involved in it are exposure to radio-opaque dye thorotrast, anabolic steroids, clonorchiasis and fibrocystic disease. 
G/A The tumour is firm to hard and whitish.
M/E The tumour has glandular structure. The tumour cells resemble biliary epithelium but without bile secretion. They form various patterns such as tubular ductular or papillary.
Hepatoblastoma (Embryoma)
    Hepatoblastoma is a rare malignant tumour arising from primitive hepatic parenchymal cells. It presents before the age of 2 years as progressive abdominal distension with anorexia, failure to thrive, fever and jaundice. It is more common in boys. The concentration of serum AFP is high. The tumour grows rapidly.
G/A The tumour is circumscribed and lobulated mass measuring 5-25 cm in size, having areas of cystic degeneration, haemorrhage and necrosis.
M/E Hepatoblastoma consists of 2 components:
i) Epithelial component contains 2 types of cells- 'embryonal' hepatocytes are small with dark-staining, hyperchromatic nuclei and scanty cytoplasm, and 'foetal' hepatocytes are larger with more cytoplasm that may be granular or clear.
ii) Mesenchymal component includes fibrous connective tissue, cartilage and osteoid of variable degree of maturation.
TUMOURS OF KIDNEY
Cortical Adenoma 
    Cortical tubular adenomas are more common than other benign renal neoplasms. They are frequently multiple and associated with chronic pyelonephritis or benign nephrosclerosis.
G/A These tumours may form tiny nodules up to 3 cm in diameter. They are encapsulated and white or yellow.
M/E They are composed of tubular cords or papillary structures projecting into cystic space. The cells of the adenoma are usually uniform, cuboidal with no atypicality or mitosis. Those larger than 3 cm in diameter are potentially malignant and metastasising.
Oncocytoma 
    Oncocytoma is a benign epithelial tumour arising from collecting ducts.
G/A The tumour is encapsulated and has variable size. Cut section is homogeneous and has characteristic mahogany-brown or tan colour.
M/E The tumour cells are plump with abundant, finely granular, acidophilic cytoplasm and round nuclei.
Adenocarcinoma of Kidney (Synonyms: Renal cell carcinoma, Hypernephroma, Grawitz tumour)
    Hypernephroma is an old misnomer under the mistaken belief that the tumour arises from adrenal rests because of the resemblance of the tumour cells with clear cells of the adrenal cortex. It is now known that the renal cell carcinoma (RCC) is an adenocarcinoma arising from tubular epithelium.     This cancer comprises 70 to 80% of all renal cancers and occurs most commonly in 50 to 70 years of age with male preponderance (2:1).
CLASSIFICATION. Based on cytogenetics of sporadic and familial tumours, RCC has been reclassified into clear cell, papillary, granular cell, chromophobe, sarcomatoid and collecting duct type.
Classification of Renal Cell Carcinoma in Table 24.
	
	TYPE

	INCIDENCE

	GENETICS
	MAIN HISTOLOGY

	1.
	Clear cell type
(non-papillary)
	70%
	Sporadic and familial (Homozygous loss of VHL gene located
on chromosome 3)
	Clear cytoplasm (due to
glycogen and lipid), well
differentiated

	2.
	Papillary type
	15%
	Familial and sporadic
(Familial cases: mutation
in MET gene on chromo-
some 7; sporadic cases
trisomy of chromosome
7, 16, 17 and loss of Y
chromosome)
	Papillary pattern, psammomu bodies

	3.
	Granular cell type
	8%
	Sporadic and familial
	Abundant acidophilic
cytoplasm, marked atypia

	4.
	Chromoptobe
type
	5%
	Multiple chromosome
losses, hypodiploidy
	Mixture of pale clear cells with perinuclear halo and granular cells

	5.
	Sarcomatoid
type
	1.5%
	—
	Whorls of atypical
anaplastic spindle cells

	6.
	Collecting duct
type
	0.5%
	—
	Tubular and papiliary
pattern


Table 24
G/A The RCC commonly arises from the poles of the kidney as a solitary and unilateral tumour, more often in the upper pole. The tumour is generally large, golden yellow and circumscribed. Papillary tumours may be multifocal and bilateral, besides grossly visible papillae. Cut section of the tumour commonly shows large areas of ischaemic necrosis, cystic change and foci of haemor​rhages. Another significant characteristic is the frequent presence of tumour thrombus in the renal vein which may extend into the vena cava. 
M/E The features of various types of RCC are as under:
1. Clear cell type RCC (70%): This is the most common pattern. The clear cytoplasm of tumour cells is due to removal of glycogen and lipid from the cytoplasm during processing of tissues. The tumour cells have a variety of patterns: solid, trabecular and tubular, separated by delicate vasculature. Majority of clear cell tumours are well differentiated.
2. Papillary type RCC (15%): The tumour cells are arranged in papillary pattern over the fibrovascular stalks. The tumour cells are cuboidal with small round nuclei. Psammoma bodies may be seen.
3. Granular cell type RCC (8%): The tumour cells have abundant acidophilic cytoplasm. These tumours have more marked nuclear pleomorphism, hyper-chromatism and cellular atypia.
4. Chromophobe type RCC (5%): This type shows admixture of pale clear cells with perinuclear halo and acidophilic granular cells. The cytoplasm of these tumour cells contains mapy vesicles.
5. Sarcomatoid type RCC (1.5%): This is the most anaplastic and poorly differentiated form. The tumour is characterised by whorls of atypical spindle tumour cells.
6. Collecting duct type RCC (0.5%): This is a rare type that occurs in the medulla. It is composed of a single layer of cuboidal tumour cells arranged in tubular and papillary pattern.
CLINICAL FEATURES. Renal cell carcinoma is generally a slow-growing tumour and the tumour may have been present for years before it is detected. The classical evidence for diagnosis of renal cell carcinoma is the triad of gross haematuria, flank plain and palpable abdominal mass. The most common presenting abnormality is haematuria that occurs in about 60% of cases. By the time the tumour is detected, it has spread to distant sites via haemato-genous route to lungs, brain and bone, and locally to liver and perirenal lymph nodes.
    A number of paraneoplastic syndromes due to ectopic hormone production by the renal cell carcinoma have been described. These include epo/ycytoaem/a (by erythropoietin), hypercalcaemia (by parathyroid hormone and prostaglandins), hypertension (by renin), effects of feminisation or masculinisation (by gonadotropins) and Cushing's syndrome (by glucocorticoids).
Wilms' Tumour (Synonym: Nephroblastoma)
     Nephroblastoma or Wilms' tumour is an embryonic tumour derived from primitive renal epithelial and mesenchymal components. It is the most common abdominal malignant tumour of young children, seen most commonly between 1 to 6 years of age with equal sex incidence.
G/A The tumour is usually quite large, spheroidal, replacing most of the kidney. It is generally solitary and unilateral but 5-10% cases may have bilateral tumour. On cut section, the tumour shows characteristic variegated appearance soft, fishflesh-like grey-white to cream-yellow tumour with foci of necrosis and haemorrhages and grossly identifiable myxomatous or cartilaginous elements. M/E Nephroblastoma shows mixture of primitive epithelial and mesenchymal elements. Most of the tumour consists of small, round to spindled, anaplastic, sarcomatoid tumour cells. In these areas are present abortive tubules and poorly-formed glomerular structures. Sometimes, mesenchymal elements such as smooth and skeletal muscle, cartilage and bone, fat cells and fibrous tissue, may be seen.
CLINICAL FEATURES. The most common presenting feature is a palpable abdominal mass in a child. Other common abnormalities are haematuria, pain, fever and hypertension. The tumour rapidly spreads via blood, especially to lungs.
Skin Tumours.
1. BASAL CELL CARCINOMA (RODENT ULCER). Typically, the basal cell carcinoma is a locally invasive, slow-growing tumour of middle-aged that rarely metastasises. It occurs exclusively on hairy skin, the most common location (90%) being the face, usually above a line from the lobe of the ear to the corner of the mouth. Basal cell carcinoma is seen more frequently in white-skinned people and in those who have prolonged exposure to strong sunlight like in those living in Australia and New Zealand.
G/A The most common pattern is a nodulo-ulcerative basal cell carcinoma in which a slow-growing small nodule undergoes central ulceration with pearly, rolled margins. The tumour enlarges in size by burrowing and by destroying the tissues locally like a rodent and hence the name 'rodent ulcer,.
M/E The most characteristic feature is the proliferation of basaloid cells (resembling basal layer of epidermis). A variety of patterns of these cells may be seen: solid masses, masses of pigmented cells, strands and nests of
tumour cells in morphea pattern, keratotic masses, cystic change with sebaceous differentiation, and adenoid pattern with apocrine or eccrine differentiation. The most common pattern is solid basal cell carcinoma in which the dermis contains irregular masses of basaloid cells having characteristic peripheral palisaded appearance of the nuclei.
ADNEXAL (APPENDAGEAL)TUMOURS
A. Tumours of Hair Follicle
1. TRICHOEPITHELIOMA (BROOKE'S TUMOUR). This tumour may occur as a solitary lesion or as multiple inherited lesions, predominantly on the face, scalp and neck.
2. PILOMATRICOMA (CALCIFYING EPITHELIOMA OF MALHERBE).
Pilomatricoma usually occurs as a solitary lesion, more often on the face and upper extremities. It may be seen at any age. The lesions vary in size from 0.5-5 cm and appear as well-demarcated dark red nodules.
B. Tumours of Sebaceous Glands
1. NAEVUS SEBACEUS. Naevus sebaceus of Jadassohn occurs mainly on the scalp or face as a solitary lesion that may be present at birth.
2. SEBACEOUS ADENOMA. Sebaceous adenoma occurs in middle-aged persons, most commonly on the face.
3. SEBACEOUS CARCINOMA. Sebaceous carcinoma is a rare tumour that may occur anywhere in the body except the palms and soles. Variants of sebaceous carcinoma are carcinoma of the Meibomian glands of the eyelids and carcinoma of the ceruminous glands in the external meatus.
M/E The tumour is composed of variable-sized lobules of poorly-differentiated cells containing some sebaceous cells. The tumour cells show marked cytologic atypia such as pleomorphism and hyperchromasia.
C. Tumours of Sweat Glands
1. ECCRINE TUMOURS. Depending upon the portion of eccrine sweat gland from which the tumour takes origin, the eccrine tumours are of 3 types:
 i)  arising from intraepidermal portion of the duct e.g. eccrine poroma;
ii) arising from intradermal portion of the duct e.g. hidradenoma; and 
iii)  arising from secretory coils e.g. eccrine spiradenoma.
2. APOCRINE TUMOURS. Apocrine sweat glands may give rise to tumours; the two common examples being papillary hidradenoma and cylindroma.
■ Papillary hidradenoma. Papillary hidradenoma or hidradenoma papilliferum is usually located as a small lesion commonly in women in the skin of the anogenital area.
■ Cylindroma. Also called as 'turban tumour' due to its common location on the scalp, cylindroma may occur as both solitary and multiple lesions.
3. SWEAT GLAND CARCINOMA. Rarely, the eccrine and apocrine gland tumours described above may turn malignant. All these carcinomas are adenocarcinomas.
Tumours of uterus
HYDATIDIFORM MOLE 
    Hydatidiform mole is a condition characterised by 2 features-hydropic change of the chorionic villi, and trophoblastic proliferation. Most workers consider hydatidiform mole as a benign tumour of placental tissue with potential for developing into choriocarcinoma, while some authors have described mole as a degenerative lesion though capable of neoplastic change.
    Hydatidiform mole may be non-invasive or invasive. Two types of non-invasive moles are distinguished—complete (classic) and partial. The 1   pathogenesis of these 2 forms is different:
■ Complete (classic) mole by cytogenetic studies has been shown to be derived from the father (androgenesis) and shows 46, XX or rarely 46, XY I chromosomal pattern. Complete mole bears relationship to choriocarcinoma. 
■ The partial mole is mostly triploid (i.e. 69.XXY or 69.XXX) and rarely tetraploid. Partial mole rarely develops into choriocarcinoma.
    Clinically, the condition appears in 4th-5th month of gestation and is characterised by increase in uterine size, vaginal bleeding and often with  symptoms of toxaemia. Frequently, there is history of passage of grape-like masses per vaginum.
    The single most significant investigation is the serial determination of hCG which is elevated more in both blood and urine as compared with the levels in normal pregnancy. Removal of the mole is accompanied by fall in hCG levels. A more ominous behaviour is associated with no fall in hCG levels after expulsion of the mole. About 10% of patients with complete mole develop into invasive moles and 2.5% into choriocarcinoma.
COMPLETE (CLASSIC) MOLE:  
G/A The uterus is enlarged and characteristically filled with grape-like vesicles upto 3 cm in diameter. The vesicles contain clear watery fluid.
M/E 
1. Large, round oedematous villi.
2. Hydropic degeneration and decreased vascularity of villous stroma.
3. Trophoblastic proliferation in the form of masses and sheets of both cytotrophoblast and syncytiotrophoblast.
PARTIAL MOLE: 
G/A The uterus is generally smaller than expected and contains some cystic villi, while part of the placenta appears normal. A foetus with multiple malformations is often present.
M/E Some of the villi show oedematous change while others are normal or even fibrotic. Trophoblastic proliferation is usually slight and focal.
INVASIVE (DESTRUCTIVE) MOLE (CHORIOADENOMA DESTRUENS):
G/A Invasive mole shows invasion of the molar tissue into the uterine wall which may be a source of haemorrhage. Rarely, molar tissue may invade the blood vessels and reach the lungs.
M/E The lesion is benign and identical to classic mole but has potential for haemorrhage. It is always associated with persistent elevation of hCG levels.
CHORIOCARCINOMA 
    Gestational choriocarcinoma is a highly malignant and widely metastasising tumour of trophoblast. Approximately 50% of cases occur following hydatidiform mole, 25% following spontaneous abortion, 20% after an otherwise normal pregnancy, and 5% develop in an ectopic pregnancy.
Clinically, the most common complaint is vaginal bleeding following a normal or abnormal pregnancy. Occasionally, the patients present with metastases in the brain or lungs. The diagnosis is confirmed by demonstration of persistently high levels of hCG in the plasma and urine. Widespread haematogenous metastases are early and frequent in choriocarcinoma if not treated and are found chiefly in the lungs, vagina, brain, liver and kidneys.
G/A The tumour appears as haemorrhagic, soft and fleshy mass. Sometimes, the tumour may be small, often like a blood clot, in the uterus.
M/E
1. Absence of identifiable villi.
2. Masses and columns of highly anaplastic and bizarre cytotrophoblast and   | syncytiotrophoblast cells which are intermixed.
3. Invariable presence of haemorrhages and necrosis.
4. Invasion of the underlying myometrium and other structures, blood vessels and lymphatics.
    Gestational choriocarcinoma and its metastases respond very well to chemotherapy while non-gestational choriocarcinoma is quite resistant to therapy and has worse prognosis. With chemotherapy, the cure rate of choriocarcinoma has remarkably improved from dismal 20 to 70% survival rate and almost total cure in localised tumours. The effectiveness of treatment is also monitored by serial hCG determinations.
    The contrasting features of complete mole, partial mole and chorio​carcinoma are summed up in Table 25
	FEATURE
	COMPLETE
MOLE
	PARTIAL
MOLE
	CHORIO-
CARCINOMA

	1. Karyotype
	46.XX or rarely 46.XY
	Triploid i.e. 69.XXY
or 69.XXX
	46.XY or variable

	2. Clinical findings
	
	
	

	i) Diagnosis
	Mole
	Missed abortion
	Abortion; molar,ectopic or normal pregnancy

	ii) Vaginal bleeding
	Marked
	Mild
	Marked, abnormal

	iii)Uterus size
	Large
	Small
	Generally not
bulky

	3.  hCG levels
	
	
	

	i) Serum hCG
	High
	Low
	Persistently high

	ii) hCG in tissues
	Marked
	Mild
	Localised in syncytiotrophoblast only


Table 25
BREAST TUMOURS
FIBROADENOMA
    Fibroadenoma or adenofibroma is a benign tumour of fibrous and epithelial elements. It is the most common benign tumour of the female breast. Though it can occur at any age during reproductive life, most patients are between 15 to 30 years of age. Clinically, fibroadenoma generally appears as a solitary, discrete, freely mobile nodule within the breast.
G/A Typical fibroadenoma is a small (2-4 cm diameter), solitary, well-encapsu​lated, spherical or discoid mass. The cut surface is firm, grey-white, slightly myxoid and may show slit-like spaces formed by compressed ducts.
M/E Fibrous tissue comprises most of a fibroadenoma. The arrangements between fibrous overgrowth and ducts may produce two types of patterns which may coexist in the same tumour:
■ Intracanalicular pattern is one in which the stroma compresses the ducts so that they are reduced to slit-like clefts lined by ductal epithelium.
■ Pericanalicular pattern is characterised by encircling masses of fibrous stroma around the patent or dilated ducts.
    The fibrous stroma may be quite cellular, or there may be areas of hyalinised collagen. Sometimes, the stroma is loose and myxomatous.
PHYLLODES TUMOUR (CYSTOSARCOMA PHYLLODES)
    Cystosarcoma phyllodes was the nomenclature given by Mutler in 1838 to an uncommon bulky breast tumour with leaf-like gross appearance (phyllodes=leaf -like) having an aggressive clinical behaviour. Most patients are between 30 to 70 years of age. Phyllodes tumour can be classified into benign, borderline and malignant on the basis of histologic features. Local recurrences are much more frequent than metastases.
G/A The tumour is generally large, 10-15 cm in diameter, round to oval, bosselated, and less fully encapsulated than a fibroadenoma. The cut surface is grey-white with cystic cavities, areas of haemorrhages, necrosis and degene​rative changes.
M/E The phyllodes tumour is composed of an extremely hypercellular stroma, accompanied by proliferation of benign ductal structures. Thus, phyllodes  tumour resembles fibroadenoma except for enhanced stromal cellularity. The histologic criteria used to distinguish benign, borderline and malignant categories of phyllodes tumour are as under:
■ frequency of mitoses;
■ cellular atypia;
■ cellularity; and
■ infiltrative margins.
INTRADUCTAL PAPILLOMA
    Intraductal papilloma is a benign papillary tumour occurring most commonly in a lactiferous duct or lactiferous sinus near the nipple.
G/A Intraductal papilloma is usually solitary, small, less than 1 cm in diameter, commonly located in the major mammary ducts close to the nipple.
M/E An intraductal papilloma is characterised by multiple papillae having well-developed fibrovascular stalks attached to the ductal wall and covered by benign cuboidal epithelial cells supported by myoepithelial cells.
CANCER OF BREAST
General Features and Classification
    Cancer of the breast occurs more often in left breast than the right and is bilateral in about 4% cases. Anatomically, upper outer quadrant is the site of tumour in half the breast cancers; followed in frequency by central portion, and equally in the remaining both lower and the upper inner quadrant.
    Carcinoma of the breast arises from the ductal epithelium in 90% cases while the remaining 10% originate from the lobular epithelium. 
 Classification of Carcinoma of the Breast.
A. NON-INVASIVE (IN SITU) CARCINOMA
1. Intraductal carcinoma
2. Lobular carcinoma in situ
B  INVASIVE CARCINOMA
1. Infiltrating (invasive) duct carcinoma-NOS (not otherwise specified)
2. Infiltrating (invasive) lobular carcinoma
3. Medullary carcinoma
4. Colloid (mucinous) carcinoma
5. Papillary carcinoma
6. Tubular carcinoma
7. Adenoid cystic (invasive cribriform) carcinoma
8. Secretory (juvenile) carcinoma
9. Inflammatory carcinoma 
10. Carcinoma with metaplasia
C. PAGET'S DISEASE OF THE NIPPLE
A. NON-INVASIVE (IN SITU) CARCINOMA 
    In general, non-invasive or in situ carcinoma is characterised histologically by presence of tumour cells within the ducts or lobules without evidence of invasion.
1. Intraductal Carcinoma 
    Carcinoma in situ confined within the larger mammary ducts is called intraductal carcinoma. The tumour initially begins with atypical hyperplasia of ductal epithelium followed by filling of the duct with tumour cells. Clinically, it produces a palpable mass in 30-75% of cases and presence of nipple discharge in about 30% patients.
G/A The tumour may vary from a small poorly-defined focus to 3-5 cm diameter mass. On cut section, the involved area shows cystically dilated ducts containing cheesy necrotic material (comedo pattern), or the intraductal tumour may be polypoid and friable resembling intraductal papilloma (papillary pattern).
M/E The proliferating tumour cells within the ductal lumina may have 4 types of patterns in different combinations:
i) Solid pattern is characterised by filling and plugging of the ductal lumina with tumour cells.
ii) Comedo pattern is centrally placed necrotic debris surrounded by neo-I  plastic cells in the duct.
iii) Papillary pattern has formation of intraductal papillary projections of tumour I    cells which lack a fibrovascular stalk.
iv) Cribriform pattern is recognised by neat punched out fenestrations in the I   intraductal tumour.
2. Lobular Carcinoma in Situ
    Lobular carcinoma in situ is not a palpable or grossly visible tumour. Patients I of in situ lobular carcinoma treated with excisional biopsy alone develop I invasive cancer of the ipsilateral breast in about 25% cases in 10 years as in I intraductal carcinoma but, in addition, have a much higher incidence of developing a contralateral breast cancer (30%).
G/A No visible tumour is identified.
M/E In situ lobular carcinoma is characterised by filling up of terminal ducts and ductules or acini by rather uniform cells which are loosely cohesive and have small, rounded nuclei with indistinct cytoplasmic margins.
B. INVASIVE CARCINOMA
    The invasive breast cancer has various morphologic types which have clinical and prognostic correlates.
1. Infiltrating (Invasive) Duct Carcinoma-NOS
    Infiltrating duct carcinoma-NOS (not otherwise specified) is the classic breast cancer and is the most common histologic pattern accounting for 70% cases of breast cancer. Clinically, majority of infiltrating duct carcinomas have a hard consistency due to dense collagenous stroma (scirrhous carcinoma). Retraction of the nipple and attachment of the tumour to underlying chest wall may be present.
G/A The tumour is irregular, 1 -5 cm in diameter, hard cartilage-like mass that cuts with a grating sound. The sectioned surface of the tumour is grey-white to yellowish with chalky streaks and often extends irregularly into the surrounding fat.
M/E i) Anaplastic tumour cells forming solid nests, cords, poorly-formed glandular structures and some intraductal foci.
ii) Infiltration by these patterns of tumour cells into diffuse fibrous stroma and fat.
iii)  Invasion into perivascular and perineural spaces as well as lymphatic and vascular invasion.
2. Infiltrating (Invasive) Lobular Carcinoma
    Invasive lobular carcinoma comprises about 5% of all breast cancers. This peculiar morphologic form differs from other invasive cancers in being more frequently bilateral.
G/A The appearance varies from a well-defined scirrhous mass to a poorly-defined area of induration that may remain undetected by inspection as well as palpation.
M/E Two distinct features are seen:
I) Pattern A characteristic single file (Indian file) linear arrangement of stromal infiltration by the tumour cells with very little tendency to gland formation is seen.
ii) Tumour cytology-Individual tumour cells resemble cells of in situ lobular carcinoma. They are round and regular with very little pleomorphism and infrequent mitoses.                                                                                       
3. Medullary Carcinoma
    Medullary carcinoma is a variant of ductal carcinoma and comprises about 1 % g of all breast cancers. The tumour has a significantly better prognosis than the Jusual infiltrating duct carcinoma, probably due to good host immune response.
G/A The tumour is characterised by a large, well-circumscribed, rounded  mass that is typically soft and fleshy or brain-like.
M/E It has 2 distinct features:
i) Tumour cells- Sheets of large, pleomorphic tumour cells with abundant cytoplasm, large vesicular nuclei and many bizarre and atypical mitoses are diffusely spread in the scanty stroma.
ii) Stroma- The loose connective tissue stroma is scanty and usually has a prominent lymphoid infiltrate.
4. Colloid (Mucinous) Carcinoma
    This is an uncommon pattern of breast cancer occurring more frequently in older women and is slow-growing.
G/A The tumour is usually a soft and gelatinous mass with well-demarcated borders.
M/E Colloid carcinoma contains large amount of extracellular epithelial mucin and acini filled with mucin.
5. Papillary Carcinoma
    Papillary carcinoma is a rare variety of infiltrating duct carcinoma in which the stromal invasion is in the form of papillary structures.
6. Tubular Carcinoma
    Tubular carcinoma is another uncommon variant of invasive ductal carcinoma which has more favourable prognosis.
M/E The tumour is highly well-differentiated and has an orderly pattern. The tumour cells are regular and form a single layer in well-defined tubules. The tubules are quite even and distributed in dense fibrous stroma.
7. Adenoid Cystic (Invasive Cribriform) Carcinoma
     Adenoid cystic or invasive cribriform carcinoma is a unique histologic pattern of breast cancer with excellent prognosis.
8. Secretory (Juvenile) Carcinoma
    This pattern is found more frequently in children and has a better prognosis. The tumour is generally circumscribed which on histologic examination shows abundant intra- and extracellular PAS-positive clear spaces due to secretory activity of tumour cells.
9. Inflammatory Carcinoma
    Inflammatory carcinoma of the breast is a clinical entity and does not constitute a histological type. The term has been used for breast cancers in which there is redness, oedema, tenderness and rapid enlargement.
10. Carcinoma with Metaplasia
    Rarely, invasive ductal carcinomas may have various types of metaplastic alterations such as squamous metaplasia, cartilagenous and osseous metaplasia, or their combinations.
C. PAGET'S DISEASE OF THE NIPPLE
    Paget's disease of the nipple is an eczematoid lesion of the nipple, often associated with an invasive or non-invasive ductal carcinoma of the underlying breast. The nipple bears a crusted, scaly and eczematoid lesion with a palpable subareolar mass in about half the cases. Most of the patients withpalpable mass are found to have infiltrating duct carcinoma, while those with no palpable breast lump are usually subsequently found to have intraductal carcinoma.
G/A The skin of the nipple and areola is crusted, fissured and ulcerated with oozing of serosanguineous fluid from the erosions.
M/E The skin lesion is characterised by the presence of Paget's cells singly or in small clusters in the epidermis. These cells are larger than the epidermal cells, spherical, having hyperchromatic nuclei with cytoplasmic halo that stains positively with mucicarmine. In these respects, Paget's cells are adeno-carcinoma-type cells.
OVARIAN TUMOURS
Clinical Features and Classification 
    Most benign and malignant ovarian tumours are discovered when they grow sufficiently to cause abdominal discomfort and distension. Urinary tract and gastrointestinal tract symptoms are frequently associated due to compression by the tumour. Ascites is common in both benign and malignant ovarian tumours. Menstrual irregularities may or may not be present. Some ovarian tumours are bilateral.
A simplified classification proposed by the WHO with minor modifications has been widely adopted. Five major groups have been described:
I. Tumours of surface epithelium (common epithelial tumours)
II. Germ cell tumours
III. Sex cord-stromal tumours
IV. Miscellaneous tumours
V. Metastatic tumours
Classification of ovarian neoplasms based on cell of origin (Fig. 10):
I. TUMOURS OF SURFACE EPITHELIUM (COMMON EPITHELIAL TUMOURS) (60-70%)
A. Serous tumours
1. Serous cystadenoma
2. Borderline serous tumour
3. Serous cystadenocarcinoma
B. Mucinous tumours
1. Mucinous cystadenoma
2. Borderline mucinous tumour
3. Mucinous cystadenocarcinoma
C. Endometrioid tumours
D. Clear cell (mesonephroid) tumours
E. Brenner tumours
Fig. 10
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II. GERM CELL TUMOURS (15-20%)
A. Teratomas
1. Benign (mature, adult) teratoma
■  Benign cystic teratoma (dermoid cyst)
■  Benign solid teratoma
2. Malignant (immature) teratoma
3. Monodermal or specialised teratoma
■  Struma ovarii
■  Carcinoid tumour
B. Dysgerminoma
C. Endodermal sinus (yolk sac) tumour
D. Choriocarcinoma
E. Others (embryonal carcinoma, polyembryoma, mixed germ cell tumours)
III. SEX CORO-STROMAL TUMOURS (5-10%)
A. Granulosa-theca cell tumours
1. Granulosa cell tumour
2. Thecoma
3. Fibroma
B. Sertoli-Leydig cell tumours (Androblastoma, arrhenoblastoma)
C. Gynandroblastoma
IV. MISCELLANEOUS TUMOURS
A. Lipid cell tumours
B. Gonadoblastoma
V. METASTATIC TUMOURS (5%)
A. Krukenberg tumour
B. Others
    I. TUMOURS OF SURFACE EPITHELIUM (COMMON EPITHELIAL TUMOURS)
    This group constitutes about 60-70% of all ovarian neoplasms and 90% of malignant ovarian tumours. The common epithelial tumours are of 3 major types serous, mucinous and endometrioid, though mixtures of these epithelia may occur in the same tumour. These tumours frequently have prominent cystic component which may have a single or multiple loculations and hence the descriptive prefix cystadeno- in these tumours. In addition, surface epithe-lial tumours may differentiate along urothelium to form Brenner tumour, and along mesonephroid pattern forming clear cell (mesonephroid) adenocarcinoma.
    Depending upon the aggressiveness, the surface epithelial tumours are divided into 3 groups: clearly benign, clearly malignant, and borderline or low-grade malignant tumours. In general, the criteria for diagnosis of these 3 grades of aggressiveness are as follows:
■ Clearly benign tumours are lined by a single layer of well-oriented columnar epithelium.
■ Clearly malignant tumours have anaplastic epithelial component, multilayering, loss of basal polarity and unquestionable stromal invasion.
■ Borderline tumours or tumours with low malignant potential have some morphological features of malignancy, apparent detachment of cellular clusters from their site of origin and essential absence of stromal invasion.
Serous Tumours 
    Serous tumours comprise the largest group constituting about 20% of all ovarian tumours and 40% of malignant ovarian tumours. About 60% of serous tumours are benign, 15% borderline and 25% malignant. Only 20% of benign tumours occur bilaterally, whereas 65% of both borderline and malignant serous tumours have bilateral ovarian involvement. Serous tumours occur most commonly in 2nd to 5th decades of life, the malignant forms being more frequent in later life.
Histogenesis of the serous tumours is from the surface (coelomic) epithelium or mesothelium which differentiates along tubal-type of epithelium.
G/A The benign, borderline and malignant serous tumours are large (above 5 cm in diameter) and spherical masses. Small masses are generally unilocular while the larger serous cysts are multiloculated similar to the mucinous variety, but differ from the latter in containing serous fluid rather than the viscid fluid of mucinous tumours. Malignant serous tumours may have solid areas in the cystic mass. Exophytic as well as intra-cystic papillary projections may be present in all grades of serous tumours but are more frequent in malignant i tumours.
M/E The features are as under:
1. Serous cystadenoma is characteristically lined by properly-oriented low columnar epithelium which is sometimes ciliated and resembles tubal epithelium. Microscopic papillae may be found.
2. Borderline serous tumour usually has stratification (2-3 layers) of benign serous type of epithelium. There is detachment of cell clusters from their site of origin and moderate features of malignancy but there is absence of stromal   J invasion.
3. Serous cystadenocarcinoma has multilayered malignant cells which  show loss of polarity, presence of solid sheets of anaplastic epithelial cells and   definite evidence of stromal invasion. Papillae formations are more frequent in  malignant variety and may be associated with psammoma bodies.
    Mucinous Tumours
    Mucinous tumours are somewhat less common than serous tumours and constitute about 20% of all ovarian tumours and 10% of all ovarian cancers. Over 80% are benign, 10-15% are borderline and 5-10% are malignant. These predominantly cystic tumours contain mucin which was previously described as pseudomucin. Well-differentiated borderline mucinous tumours are associated with mucinous ascites termed pseudomyxoma peritonei. Muci​nous tumours as compared with serous tumours are more commonly unilateral. Benign mucinous tumours occur bilaterally in 5% of cases while borderline and malignant are bilateral in 20%. Mucinous tumours occur principally between 2nd and 5th decades of life. Mucinous carcinoma usually develops in women above the age of 40 years.
    Histogenesis of mucinous tumours, in line with that of serous tumours, is from the coelomic epithelium that differentiates along endocervical type or intestinal type of mucosa.
G/A Mucinous tumours are larger than serous tumours. They are smooth-surfaced cysts with characteristic multiloculations containing thick and viscid gelatinous fluid. Benign tumours generally have thin wall and septa dividing the foculi are also thin and often translucent, but malignant varieties usually have thickened areas.
M/E The features are as under:
1. Mucinous cystadenoma is lined by a single layer of these cells having basal nuclei and apical mucinous vacuoles.
2. Borderline mucinous tumour is identified by the same histologic criteria as for borderline serous tumour i.e. stratification (usually 2-3 cell thick) of typical epithelium without stromal invasion.
3. Mucinous cystadenocarcinoma likewise is characterised by piling up of malignant epithelium, at places forming solid sheets, papillary formation, adenomatous pattern and infiltration into stroma with or without pools of mucin.
Endometrioid Tumours
    Endometrioid tumours comprise about 5% of all ovarian tumours. Most of them are malignant accounting for about 20% of all ovarian cancers. Benign and borderline forms are very rare. They are called endometrioid carcinomas because of the close resemblance of histologic pattern to that of uterine endometrial adenocarcinoma. About 40% of endometrioid carcinomas have bilateral ovarian involvement. About 15-30% of cases of endometrioid carcinoma have coexistent endometrial adenocarcinoma.
    Histogenesis of these tumours in majority of cases is believed to be from ovarian coelomic epithelium differentiating towards endometrial type of epithelium.
G/A These tumours are partly solid and partly cystic and may have foci of haemorrhages, especially in benign variety.
M/E The endometrioid adenocarcinoma is distinguished from serous and mucinous carcinomas by typical glandular pattern that closely resembles that of uterine endometrial adenocarcinoma. There may be foci of squamous metaplasia justifying the diagnosis of adenoacanthoma.
Clear Cell (Mesonephroid)Tumours
    Clear cell (mesonephroid) tumours are almost always malignant and comprise about 5% of all ovarian cancers. Rare benign variety is called clear cell adenofibroma. They are termed clear cell or mesonephroid carcinomas because of the close histologic resemblance to renal adenocarcinoma.
G/A These tumours are large, usually unilateral, partly solid and partly cystic. Less than 10% are bilateral.
M/E Clear cell or mesonephroid carcinoma is characterised by tubules, glands, papillae, cysts and solid sheets of tumour cells resembling cells of renal adenocarcinoma i.e. clear cells having abundant eosinophilic cytoplasm rich in glycogen.
Brenner Tumour
    Brenner tumours are uncommon and comprise about 2% of all ovarian tumours. They are characteristically solid ovarian tumours. Less than 10% of Brenner tumours are bilateral. Most Brenner tumours are benign. Rarely, borderline form is encountered and is called 'proliferating Brenner tumour' and one with carcinomatous change is termed 'malignant Brenner tumour'.
G/A Brenner tumour is typically solid, yellow-grey, firm mass of variable size.
M/E Brenner tumour consists of nests, masses and columns of epithelial cells, scattered in fibrous stroma of the ovary. These epithelial cells resemble urothelial cells which are ovoid in shape, having clear cytoplasm, vesicular nuclei with characteristic nuclear groove called 'coffee-bean' nuclei.
II. GERM CELL TUMOURS
    Ovarian germ cell tumours arising from germ cells which produce the female gametes (i.e. ova) account for about 15-20% of all ovarian neoplasms. Nearly 95% of them are benign and vast majority of them are benign cystic teratomas (dermoid cysts) and occur chiefly in young females. The remainder are malignant germ cell tumours comprising a variety of morphologic forms occurring chiefly in children and young adults and are highly aggressive tumours.
Teratomas
Teratomas are tumours composed of different types of tissues derived from the three germ cell layers- ectoderm, mesoderm and endoderm, in different combinations. They are divided into 3 types:
MATURE (BENIGN) TERATOMA. 
    The vast majority of ovarian teratomas are benign and cystic and have the predominant ectodermal elements, often termed clinically as dermoid cyst. Infrequently, mature teratoma may be solid and benign and has to be distinguished from immature or malignant teratoma. Benign cystic teratomas are more frequent in young women during their active reproductive life. The tumour is bilateral in 10% of cases. More recently, cytogenetic studies have revealed that these tumours arise from a single germ cell (ovum) after its first meiotic division.                                                       
G/A Benign cystic teratoma or dermoid cyst is characteristically a unilocular cyst, 10-15 cm in diameter, usually lined by skin and hence its name. On sectioning, the cyst is filled with paste-like sebaceous secretions and desquamated keratin admixed with masses of hair. The cyst wall is thin and opaque grey-white. Generally, in one area of the cyst wall, a solid prominence is seen (Rokitansky's protuberance) where tissue elements such as tooth,   bone, cartilage and various other odd tissues are present.
M/E The most prominent feature is the lining of the cyst wall by stratified   squamous epithelium and its adnexal structures such as sebaceous glands, sweat glands and hair follicles. Though ectodermal derivatives are most   prominent features, tissues of mesodermal and endodermal origin are  commonly present. Various other tissue components frequently found are   bronchus, intestinal epithelium, cartilage, bone, tooth, smooth muscle, neural tissue, salivary gland, retina, pancreas and thyroid tissue.
IMMATURE (MALIGNANT) TERATOMA. Immature or malignant teratomas are rare and account for approximately 0.2% of all ovarian tumours. They are predominantly solid tumours that contain immature or embryonal structures in contrast to the mature or adult structures of the benign teratomas.
G/A Malignant teratoma is a unilateral solid mass which on cut section shows characteristic variegated appearance revealing areas of haemorrhages, necrosis, tiny cysts and heterogeneous admixture of various tissue elements.
M/E Parts of the tumour may show mature tissues, while most of it is composed of immature tissues having an embryonic appearance. Immature tissue elements may differentiate towards cartilage, bone, glandular structures, neural tissue etc, and are distributed in spindle-shaped myxoid or undifferentiated sarcoma cells.
MONODERMAL (SPECIALISED) TERATOMA. Monodermal or highly specialised teratomas are rare and include following important examples: 
■ Struma ovarii. It is a teratoma composed exclusively of thyroid tissue, recognisable grossly as well as microscopically. Most often, the tumour has the appearance of a follicular adenoma of the thyroid.
■ Carcinoid tumour. This is an ovarian teratoma arising from argentaffin cells of intestinal epithelium in the teratoma.
■ Struma-carcinoid is a rare combination of struma ovarii and ovarian carcinoid.
Dysgerminoma
    Dysgerminoma is an ovarian counterpart of seminoma of the testes. Dysgerminomas comprise about 2% of all ovarian cancers. They occur most commonly In 2nd to 3rd decades. About 10% of them are bilateral. About 10% of patients with dysgerminoma have elevated hCG level In the plasma. All dysgerminomas are malignant and are extremely radiosensitive.
G/A Dysgerminoma Is a solid mass of variable size, Cut section of the tumour,  grey-white to pink, tabulated, soft and fleshy with foci of haemorrhages and necrosis,
M/E Their structure is similar to that of seminoma of the testis. The tumour cells are arranged In diffuse sheets, islands and cords separated by scanty fibrous stroma. The tumour cells are uniform in appearance and large, with vesicular nuclei and clear cytoplasm rich in glycogen. The fibrous stroma generally contains lymphocytic infiltrate and sometimes may have sarcoid granulomas.
Endodermal Sinus (Yolk Sac)Tumour
    Endodermal sinus tumour or yolk sac tumour is the second most common germ cell tumour occurring most commonly in children and young women. The tumour is rich in alphafetoprotein (AFP) and alpha-1-antitrypsin. The tumour is usually unilateral but may metastasise to the other ovary. It is a highly aggressive and rapidly growing tumour.
G/A The tumour is generally solid with areas of cystic degeneration. 
M/E Like its testicular counterpart, the endodermal sinus tumour is characterised by the presence of papillary projections having a central blood vessel with perivascular layer of anaplastic embryonal germ cells. Such structures resemble the endodermal sinuses of the rat placenta (Schiller-Duval body).
Choriocarcinoma
    Choriocarcinoma in females is of 2 types gestational and non-gestational. Gestational choriocarcinoma of placental origin is more common and considered separately later, while non-gestational choriocarcinoma of ovarian origin is rare. Primary ovarian choriocarcinoma more often occurs in combination with other germ cell tumours than in pure form. The patients are usually young girls under the age of 20 years. Morphologically, ovarian choriocarcinoma is identical to gestational choriocarcinoma. Ovarian choriocarcinoma is more malignant than that of placental origin and disseminates widely via blood stream to the lungs, liver, bone, brain and kidneys. The marker for both types of choriocarcinoma is hCG.
Other Germ Cell Tumours 
    Certain other germ ceil tumours occasionally encountered in the ovaries are embryonal carcinoma, polyembryoma and mixed germ cell tumours. All these tumours are morphologically identical to similar tumours occurring in the testes.
III. SEX CORD-STROMALTUMOURS
    Sex cord-stromal tumours of the ovaries comprise 5-10% of all ovarian neoplasms. They arise from specialised ovarian stromal cells of the developing gonads. Thus, these include tumours originating from granulosa cells, theca cells and Sertoli-Leydig cells.
Granulosa-Theca Cell Tumours 
    Granulosa-theca cell tumours comprise about 5% of all ovarian tumours.
GRANULOSA CELL TUMOUR. Pure granulosa cell tumours may occur at all ages. These tumours invade locally but occasionally may have more aggressive and malignant behaviour. Recurrences after surgical removal are common. Most granulosa cell tumours secrete oestrogen which may be responsible for precocious puberty In young girls, or In older patients may produce endometrial hyperplasia, endometrial adenocarcinoma and cystic disease of the breast.
G/A Granulosa cell tumour Is a small, solid, partly cystic and usually unilateral tumour. Cut section of solid areas is yellowish-brown.
M/E The granulosa cells are arranged In a variety of patterns including mlcro-and macrofollicular, trabecular, bands and diffuse sheets. The microfollicular pattern Is characterised by the presence of characteristic rosette-like structures, Call-Exner bodies, having central rounded pink mass surrounded by a circular row of granulosa cells.                                                                                  
THECOMA. Pure thecomas are almost always benign. They occur more frequently in post-menopausal women. Thecomas are typically oestrogenic. Endometrial hyperplasia, endometrial carcinoma and cystic disease of the breast are some of its adverse effects. Occasionally a thecoma may secrete androgen and cause virilisation.
G/A Thecoma is a solid and firm mass, 5-10 cm in diameter. Cut section is  yellowish.
M/E Thecoma consists of spindle-shaped theca cells of the ovary admixed  with variable amount of hyalinised collagen.
GRANULOSA-THECA CELL TUMOUR. Mixture of both granulosa and theca cell elements in the same ovarian tumour is seen in some cases with elaboration 1 of oestrogen.
TESTICULAR TUMOURS
GERM CELL TUMOURS 
    Germ cell tumours comprise approximately 95% of all testicular tumours and are more frequent before the age of 45 years. Testicular germ cell tumours are almost always malignant.
Intratubular Germ Cell Neoplasia
The term intratubular germ cell neoplasia (ITGCN) is used to describe the preinvasive stage of germ cell tumours, notably intratubular seminoma and intratubular embryonal carcinoma. Others have used carcinoma in situ (CIS) stage of germ cell tumours as synonymous term.
M/E The malignant atypical tumour cells are restricted to the seminiferous tubules without evident invasion into the interstitium.
Seminoma
    Seminoma is the commonest malignant tumour of the testis and corresponds to dysgerminoma in the female. It constitutes about 45% of all germ cell tumours, and in another 15% comprises the major component of mixed germ cell tumour. The tumour has a peak incidence in the 4th decade of life and is rare before puberty. Undescended testis harbours seminoma more frequently as compared to other germ cell tumours.
G/A The involved testis is enlarged up to 10 times its normal size but tends to maintain its normal contour since the tumour rarely invades the tunica. Cut section of the affected testis shows homogeneous, grey-white tabulated appearance.
M/E The characteristics are as under:
1. Tumour cells. The seminoma cells generally lie in cords, sheets or columns forming lobules. Typically, in a classic seminoma, the tumour cells are fairly uniform in size with clear cytoplasm and well-defined cell borders. The cyto​plasm contains variable amount of glycogen that stains positively with PAS reaction. The nuclei are centrally located, large, hyperchromatic and usually contain 1-2 prominent nucleoli.
2. Stroma. The stroma of seminoma is delicate fibrous tissue which divides the tumour into lobules. The stroma shows a characteristic lymphocytic infiltration, indicative of immunologic response of the host to the tumour. About 20% of the tumours show granulomatous reaction in the stroma.
    The prognosis of seminoma is better than other germ cell tumours. The tumour is highly radiosensitive.
Spermatocytic Seminoma
    Spermatocytic seminoma is both clinically and morphologically a distinctive tumour from classic seminoma. It is an uncommon tumour having an inci​dence of about 5% of all germ cell tumours.  Spermatocytic seminoma usually occurs in older patients, generally in 6th decade of life.
G/A Spermatocytic seminoma is homogeneous, larger, softer and more yellowish and gelatinous than the classic seminoma.
M/E The distinctive features are as under:
1. Tumour cells. The tumour cells vary considerably in size from lymphocyte-like to huge mononucleate or multinucleate giant cells. Majority of the tumour cells are, however, of intermediate size. The nuclei of intermediate and large cells have filamentous pattern. Mitoses are often frequent.
2. Stroma. The stroma lacks lymphocytic and granulomatous reaction seen in classic seminoma.
The prognosis of spermatocytic seminoma is excellent since the tumour is slow-growing and rarely metastasises.
Embryonal Carcinoma 
    Pure embryonal carcinoma constitutes 30% of germ cell tumours but areas of embryonal carcinoma are present in 40% of germ cell tumours. These tumours are more common in 2nd to 3rd decades of life. About 90% cases are associated with elevation of AFP or hCG or both.
G/A Embryonal carcinoma is usually a small tumour in the testis. It distorts the contour of the testis as it frequently invades the tunica and the epididymis. The cut surface of the tumour is grey-white, soft with areas of haemorrhages and necrosis.
M/E 1. The tumour cells are arranged in a variety of patterns-glandular, tubular, papillary and solid.
2. The tumour cells are highly anaplastic carcinomatous cells having large size, indistinct cell borders, amphophilic cytoplasm and prominent hyperchro​matic nuclei. Mitotic figures and tumour giant cells are frequently present. Haemorrhage and necrosis are common.
3. The stroma is not as distinct as in seminoma and may contain variable amount of primitive mesenchyme.
    Embryonal carcinoma is more aggressive and less radiosensitive than seminoma. Chemotherapy is considered more effective in treating this tumour.
Yolk SacTumour (Synonyms: Endodermal Sinus Tumour, Orchloblastoma, Infantile Embryonal Carcinoma)
    This characteristic tumour is the most common testicular tumour of infants and young children up to the age of 4 years. In adults, however, yolk sac tumour in pure form is rare but may be present as the major component in 40% of germ cell tumours. AFP levels are elevated in 100% cases of Yolk Sac tumours.
G/A The tumour is generally soft, yellow-white, mucoid with areas of necrosis and haemorrhages.
M/E 1. The tumour cells form a variety of patterns- loose reticular network, papillary, tubular and solid arrangement.
2. The tumour cells are flattened to cuboid epithelial cells with clear vacuolated cytoplasm.
3. The tumour cells may form distinctive perivascular structures resembling the yolk sac or endodermal sinuses of the rat placenta called Schiller-Duval bodies.
4. There may be presence of both intracellular and extracellular PAS-positive hyaline globules, many of which contain AFP.
GIT tumour
Carcinoid Tumour (Argentaffinoma) 
    Carcinoid tumour or argentaffinoma is a generic term applied to tumours originating from endocrine cells (synonyms: argentaffin cells, Kulchitsky cells, enterochromaffin cells) belonging to APUD cell system and are therefore also called as apudomas. The endocrine cells are distributed throughout the mucosa of GI tract. These cells have secretory granules which stain positively with silver salts (argentaffin granules) or many stain after addition of exogenous reducing agent (non-argentaffin or argyrophil granules). Accordingly, carcinoid tumour may be argentaffin or argyrophil type. Depending upon the embryologic derivation of the tissues where the tumour is located, these are classified as foregut, midgut, and hindgut carcinoids.
■  Midgut carcinoids, seen in terminal ileum and appendix are the most common (60-80%) and are more often argentaffin positive.
■ Hindgut carcinoids, occurring in rectum and colon are more commonly argyrophil type, and comprise about 10-20% of carcinoids.
■ Foregut carcinoids, located in the stomach, duodenum and oesophagus are also argyrophil type and are encountered as frequently as in the hindgut (10-20%).
    Other uncommon locations are bronchus, trachea, gallbladder, and Meckel's diverticulum.
    Appendix and terminal ileum, the two most common sites for carcinoids, depict variation in their age and sex incidence and biologic behaviour:
■ Appendiceal carcinoids, occur more frequently in 3rd and 4th decades of life without any sex predilection, are often solitary and behave as locally malignant tumours.
■ Ileal carcinoids, on the other hand, are seen more often in later age (7th decade) with female preponderance, are more commonly multiple and behave like metastasising carcinomas.
G/A All carcinoids are small, button-like submucosal elevations with intact or ulcerated overlying mucosa. They are usually small; those larger than 2 cm are more often metastasising. Ileal and gastric carcinoids are commonly multiple, whereas appendiceal carcinoids commonly involve the tip of the organ and are solitary. Cut section of all the carcinoids is bright yellow.
M/E The tumour cells may be arranged in a variety of patterns—solid nests, sheets, cords, trabeculae and clusters, all of which show characteristic palisading of the peripheral cells. Acinar arrangement and rosettes are rarely seen. The tumour cells are classically small, monotonous, having uniform nuclei and poorly-defined cell boundaries.
CARCINOID SYNDROME. Carcinoid tumours that metastasise, especially to the liver, are sometimes associated with the carcinoid syndrome. The syndrome consists of the following features:
1. Intermittent attacks of flushing of the skin of face
2. Episodes of watery diarrhoea
3. Abdominal pain
4. Attacks of dyspnoea due to bronchospasm
5. Right-sided heart failure due to involvement of tricuspid and pulmonary valves and endocardium.
A number of secretory products in a functioning carcinoid tumour have been demonstrated: i) 5-Hydroxytryptamine (5-HT, serotonin), ii) 5-Hydroxytryptophan, iii) 5-Hydroxy-indole acetic acid (5-HIAA), iv) histamine, v) kallikrein, and vi) bradykinin.
However, 5-HT and its degradation product, 5-HIAA, are particularly significant in the production of carcinoid syndrome. 5-HT, a potent vasodilator and smooth muscle stimulant, is normally synthesised in the endocrine cells of the gut from dietary tryptophan.
Thyroid gland tumours
FOLLICULAR ADENOMA 
    Follicular adenoma is the most common benign thyroid tumour occurring more frequently in adult women. Clinically, it appears as a solitary nodule which can be found in approximately 1% of the population.

G/A The follicular adenoma is characterised by four features so as to distinguish it from a nodule of nodular goitre: 1. solitary nodule; 2. complete encapsulation; 3. clearly distinct architecture inside and outside the capsule; and 4. compression of the thyroid parenchyma outside the capsule.

    Usually, an adenoma is small (upto 3 cm in diameter) and spherical. On cut section, the adenoma is grey-white to red-brown, less colloidal than the surrounding thyroid parenchyma and may have degenerative changes.

M/E The tumour shows complete fibrous encapsulation. The tumour cells are benign follicular epithelial cells forming follicles of various sizes or may show trabecular, solid and cord patterns with little follicle formation. Accordingly, the following 6 types of growth patterns are distinguished,

1. Microfollicular (foetal) adenoma consists of small follicles containing little or no colloid and separated by abundant loose stroma
2. Normofollicular (simple) adenoma has closely packed follicles like that of normal thyroid gland.

3. Macrofollicular (colloid) adenoma contains large follicles uf varying size and distended with colloid.

4. Trabecular (embryonal) adenoma resembles embryonal thyroid.

5. Hurthle cell (oxyphilic) adenoma is an uncommon variant composed of solid trabeculae of large cells having abundant granular oxyphilic cytoplasm and vesicular nuclei.

6. Atypical adenoma is the term used for a follicular adenoma which has more pronounced cellular proliferation so that features may be considered indicative of malignancy such as pleomorphism, increased mitoses and nuclear atypia.
THYROID CANCER 

    Approximately 95% of all primary thyroid cancers are carcinomas. Primary lymphomas of the thyroid comprise less than 5% of thyroid cancers and majority of them possibly evolve from autoimmune (lymphocytic) thyroiditis. About 20% of patients dying of metastasising malignancy have metastatic deposits in the thyroid gland, most commonly from malignant melanoma, renal cell carcinoma and bronchogenic carcinoma.

    Carcinoma of the thyroid gland has 4 main morphologic types with distinctly different clinical behaviour and variable prevalence. These are: papillary, follicular, medullary and undifferentiated (anaplastic) carcinoma In line with most other thyroid lesions, most carcinon ,as of the thyroid too have female preponderance. Irrespective of the histologic types, two types of factors are implicated in the pathogenesis of thyroid cancer:

1. Environmental factors: The single most important environmental factor associated with increased risk of developing thyroid carcinoma after many years is exposure to external radiation of high dose.

2. Genetic factors: Familial clustering of thyroid cancer has been observed. Molecular studies reveal a variety of mutations: i) Mutation in RET gene on chromosome 10 ii) Mutation in RAG gene.
Contrasting Features of Main Histologic Types of Thyroid Carcinoma in Table 26.

	FEATURE
	PAPILLARY
CARCINOMA
	FOLLICULAR
CARCINOMA
	MEDULLARY
CARCINOMA
	ANAPLASTIC
CARCINOMA

	1. Frequency
	75-80%
	10-20%
	5%
	5%

	2. Age
	All ages
	Middle to
old age
	Middle to old
age; familial too
	Old age

	3.Female/
male ratio
	3:1
	2.5:1
	1:1
	1.5:1

	4 Cell of origin
	Follicular
	Follicular
	Parafollicular
	Follicular

	5. Gross
	Small,
multifocal
	Moderate
size, nodular
	Moderate size
	Invasive growth

	6. Pathognomonic
microscopy
	Nuclear
features,
papillary
pattern
	Vascular and
capsular
invasion
	Solid nests,
amyloid stroma
	Undifferentiated,
spindle-shaped,
giant cells

	7.  Regional
metastases
	Common
	Rare
	Common
	Common

	8.  Distant
metastases
	Rare
	Common
	Rare
	Common

	9. 10-year
survival
	80-95%
	50-70%
	60-70%
	5-10%
(median survival
about 2 months)


Table 26

Papillary Carcinoma 
    Papillary carcinoma is the most common type of thyroid carcinoma, comprising 75-85% of cases. It can occur at all ages including children and young adults but the incidence is higher with advancing age. The tumour is found about three times more frequently in females than in males. The following associations have been observed to explain the etiology of papillary carcinoma: 1. External radiation. 2. Iodine excess. 3. Genetic factors.

    Papillary carcinoma is typically a slow-growing malignant tumour, most often presenting as an asymptomatic solitary nodule. Involvement of the regional lymph nodes is common but distant metastases to organs are rare. 'Lateral aberrant thyroid'' is the term used for occurrence of thyroid tissue in the lateral cervical lymph node, which in most patients represents a well-differentiated metastasis of an occult papillary carcinoma of the thyroid. 
G/A Papillary carcinoma may range from microscopic foci to nodules upto 10 cm in diameter and is generally poorly delineated. Cut surface of the tumour is greyish-white, hard and scar-like

M/E 1. Papillary pattern. Papillae composed of fibrovascular stalk and covered by single layer of tumour cells is the predominant feature.

2. Tumour cells. The tumour cells have characteristic nuclear features due to dispersed nuclear chromatin imparting it ground glass or optically clear appearance and clear or oxyphilic cytoplasm.

3. Invasion. The tumour cells invade the capsule and intrathyroid lymphatics but invasion of blood vessels is rare.

4. Psammoma bodies. Half of papillary carcinomas show typical small, concentric, calcified spherules called psammoma bodies in the stroma.
Follicular Carcinoma 

    Follicular carcinoma is the other common type of thyroid cancer, next only to papillary carcinoma and comprises about 10-20% of all thyroid carcinomas. It is more common in middle and old age and has preponderance in females (female-male ratio 2.5:1). In contrast to papillary carcinoma, follicular carcinoma has a positive correlation with endemic goitre but the role of external radiation in its etiology is unclear.

G/A Follicular carcinoma may be either in the form of a solitary adenoma-like circumscribed nodule or as an obvious cancerous irregular thyroid enlargement. The cut surface of the tumour is grey-white with areas of haemorrhages, necrosis and cyst formation.

M/E 1. Follicular pattern: Follicular carcinoma, like follicular adenoma, is composed of follicles of various sizes and may show trabecular or solid pattern. The tumour cells have hyperchromatic nuclei and the cytoplasm resembles that of normal follicular cells. However, variants like clear cell type and Hurthle cell (oxyphilic) type of follicular carcinoma may occur. The tumour differs from papillary carcinoma in lacking: papillae, ground-glass nuclei of tumour cells and psammoma bodies.

2. Vascular invasion and direct extension: Vascular invasion and direct extension to involve the adjacent structures {e.g. into the capsule) are significant features but lymphatic invasion is rare.

Medullary Carcinoma 

    Medullary carcinoma is a less frequent type derived from parafollicular or C-cells present in the thyroid and comprises about 5% of thyroid carcinomas. It is equally common in men and women. There are 3 distinctive features which distinguish medullary carcinoma from the other thyroid carcinomas:

1. Familial occurrence. Most cases of medullary carcinoma occur sporadically, but about 10% have a genetic background with mutation in chromosome 10. The familial form of medullary carcinoma has association with pheochromocytoma and parathyroid adenoma (multiple endocrine neoplasia, MEN 2 A), or with pheochromocytoma and multiple mucosal neuromas (MEN 2 B).

2. Secretion of calcitonin and other peptides. Like normal C-cells, tumour cells of medullary carcinoma secrete calcitonin, the hypocalcaemic hormone. In addition, the tumour may also elaborate prostaglandins, histaminase, somatostatin, vasoactive intestinal peptide (VIP) and ACTH.

3. Amyloid stroma. Most medullary carcinomas have amyloid deposits in the stroma which stains positively with usual amyloid stains such as Congo red.

G/A The tumour may either appear as a unilateral solitary nodule (sporadic form), or have bilateral and multicentric involvement (familial form). Cut surface of tumour in both forms shows well-defined tumour areas which are firm to hard, grey-white to yellow-brown with areas of haemorrhages and necrosis. 
M/E 1. Tumour cells: Like other neuroendocrine tumours (e.g. carcinoid, islet cell tumour, paraganglioma etc), medullary carcinoma of the thyroid too has a well-defined organoid pattern, forming nests of tumour cells separated by fibrovascular septa.

2. Amyloid stroma: The tumour cells are separated by amyloid stroma derived from altered calcitonin which can be demonstrated by immunostain for calcitonin.
3. C-cell hyperplasia: Familial cases generally have C-cell hyperplasia as a precursor lesion but not in sporadic cases.

Anaplastic Carcinoma 

    Undifferentiated or anaplastic carcinoma of the thyroid comprises less than 5% of all thyroid cancers and is one of the most malignant tumour in humans.

    The tumour is predominantly found in old age (7th-8th decades) and is slightly more common in females than in males (female-male ratio 1.5:1). The tumour is widely aggressive and rapidly growing. The features at presentation are usually those of extensive invasion of adjacent soft tissue, trachea and oesophagus. The tumour metastasises both to regional lymph nodes and to distant organs such as the lungs.

G/A The tumour is generally large and irregular, often invading the adjacent strap muscles of the neck and other structures in the vicinity of the thyroid.

M/E The tumour is too poorly-differentiated to be placed in any other histologic type of thyroid cancer, but usually shows a component of either papillary or follicular carcinoma in better differentiated areas. The tumour is generally composed of 3 types of cells occurring in varying proportions: small cells, spindle cells and giant cells. There are 3 histologic variants:

1. Small cell carcinoma: This type of tumour is composed of closely packed small cells having hyperchromatic nuclei and numerous mitoses. This variant closely resembles malignant lymphoma.
2. Spindle cell carcinoma: These tumours are composed of spindle cells resembling sarcoma. Some tumours may contain obvious sarcomatous component such as areas of osteosarcoma, chondrosarcoma or rhabdomyo​sarcoma.
3. Giant cell carcinoma: This type is composed of highly anaplastic giant cells showing numerous atypical mitoses, bizarre and lobed nuclei and some assuming spindle shapes.

TUMOURS OF ADRENAL GLANDS

Cortical Adenoma 

    Adenomas of adrenal cortex are indistinguishable from hyperplastic nodules except that lesions smaller than 2 cm diameter are labelled hyperplastic nodules. A cortical adenoma is a benign and slow-growing tumour. It is usually small and nonfunctional.

G/A An adenoma is usually a small, solitary, spherical and encapsulated tumour which is well-delineated from the surrounding normal adrenal gland. Cut section is typically bright yellow.

M/E The tumour cells are arranged in trabeculae and generally resemble the cells of zona fasciculata.

 Cortical Carcinoma 
    Carcinoma of the adrenal cortex is an uncommon tumour occurring mostly in adults. It invades locally as well as spreads to distant sites.

Pheochromocytoma (ChromafflnTumour) 

    Pheochromocytoma (meaning dusky brown tumour) is generally a benign tumour arising from the adrenal medulla. The extra-adrenal pheochromo-cytomas arising from other paraganglia are preferably called paragangliomas.
    Pheochromocytoma may occur at any age but most patients are 20-60 years old. Most pheochromocytomas are slow-growing and benign but about 5% of the tumours are malignant, invasive and metastasising.

    The clinical features of pheochromocytoma are predominantly due to secretion of catecholamines, both epinephrine and norepinephrine. The most common feature is hypertension.

G/A The tumour is soft, spherical, about 5 cm in diameter, and well-demarcated from the adjacent adrenal gland. On cut section, the tumnur is grey to dusky brown with areas of haemorrhages, necrosis, calcification and cystic change. On immersing the tumour in dichromate fixative, it turns brown-black due to oxidation of catecholamines in the tumour and hence the name chromaffin tumour.

M/E 1. The tumour cells are arranged in solid columns, sheets, trabeculae or clumps.

2. The tumour cells are large, polyhedral and pleomorphic with abundant granular amphophilic or basophilic cytoplasm and vesicular nuclei.

3. The tumour cells of pheochromocytoma stain positively with neuroendocrine markers such as neuron-specific enolase (NSE) and chromogranin.

4. The tumour has abundant fibrovascular stroma.
Myelolipoma 

    Myelolipoma is an uncommon benign adrenal medullary tumour found incidentally at autopsy. Less often, it may produce symptoms due to excessive hormone elaboration.

Neuroblastoma 

    Neuroblastoma, also called as sympathicoblastoma, is a common malignant tumour of embryonic nerve cells, occurring most commonly in children under 5 years of age. Vast majority of cases occur within the abdomen (in the adrenal medulla and paravertebral autonomic ganglia) and rarely in the cerebral hemisphere. Most cases are sporadic but familial occurrence with autosomal dominant transmission is also seen.

    The clinical manifestations of neuroblastoma are related to its rapid local growth, metastatic spread or development of hormonal syndrome. Local symptoms include abdominal distension, fever, weight loss and malaise. Foci of calcification may be observed on radiologic examination of the abdomen. Metastatic spread occurs early and widely through haematogenous as well as lymphatic routes and involves bones (especially skull), liver, lungs and regional lymph nodes. Neuroblastoma produces variable amounts of catecholamines and its metabolites such as vanillyl mandelic acid (VMA).

    Prognosis of neuroblastoma depends upon a few variables:

1. Age of the child below 2 years is associated with better prognosis.

2. Extra-abdominal location of the t, imour have better outlook than abdominal masses.

3. Patients in clinical stage I (confined to the organ of origin) or stage II (tumour extending in continuity beyond the organ of origin but not crossing the midline) have better prognosis than higher stages with distant metastases.
4. Tumours with amplification of MYC oncogene and TP53 are associated with poor prognosis.

G/A The tumour is generally large, soft and lobutated mass with extensive areas of necrosis and haemorrhages. The tumour is usually diffusely infiltrating into the adjacent tissues.

M/E 1. The tumour cells are small, round and oval slightly larger than lymphocytes, and have scanty and poorly-defined cytoplasm and hyper-chromatic nuclei.

2. The tumour cells stain positively with immunohistochemical markers such as neuron-specific enolase (NSE), neurofilaments (NT) and chromogranin.

3. They are generally arranged in irregular sheets separated by fibrovascular stroma.
4. Classical neuroblastomas show Homer-Wright's rosettes (pseudorosettes) which have a central fibrillar eosinophilic material surrounded by radially arranged tumour cells.

Ganglioneuroma 
    A ganglioneuroma is a mature, bonign and uncommon tumour occurring in adults. It is derived from ganglion cells, most often in the posterior mediastinum, and uncommonly in other peripheial ganglia and brain.

Extra-adrenal Paraganglioma (Chemodectoma)
    Parasympathetic paraganglia located in extra-adrenal sites such as the carotid bodies, vagus, jugulotympanic and aorticosympathetic (pre-aortic) paraganglia may produce neoplasms, collectively termed paragangliomas with the anatomic site of origin e.g. carotid body paraganglioma, intravagal paraganglioma, jugulotympanic paraganglioma etc. These tumours are also called chemodectomas because of their responsiveness to chemoreceptors.

PITUITARY TUMOURS 

    Tumours of the anterior pituitary are more common than those of the posterior pituitary and hypothalamus. The most common of the anterior pituitary tumours are adenomas.

    All pituitary tumours, whether benign or malignant, cause symptoms in 2 ways: by pressure effects, and by hormonal effects.

Pituitary Adenomas 

    Adenomas are the most common pituitary tumours. They are conventionally classified according to their haematoxylin-eosin staining characteristics of granules into acidophil, basophil and chromophobe adenomas. A recent classification of pituitary adenomas based on functional features as correlated with morphologic features of older classification is given in Table 27.
G/A Pituitary adenomas range in size from small foci of less than 10 mm in size (termed microadenoma) to large adenomas several centimeters in diameter.

M/E By light microscopy of H & E stained sections, an adenoma is composed predominantly of one of the normal cell types of the anterior pituitary i.e. acidophil, basophil or chromophobe cells. These cells may have 3 types of patterns: diffuse, sinusoidal and papillary. Pituitary adenocarcinoma is rare and is demonstrated by metastasis only.

Craniopharyngioma 
    Craniopharyngioma is a benign tumour arising from remnants of Rathke's pouch. It is more common in children and young adults. The tumour, though benign, compresses as well as invades the adjacent structures extensively.

G/A The tumour is encapsulated, adherent to surrounding structures and is typically cystic, reddish-grey mass.

 Morphologic and Functional Classification of Pituitary Adenomas in Table 27.

	
	FUNCTIONAL TYPE    
	FREQUENCY
	HORMONES        
	CLINICAL PRODUCED     SYNDROME

	1.
	Lactet'oph adenoma (Prolactinoma)
	20-30%
	PRL
	Hypogonadism, galactorrhea

	2.
	Somatotroph adenoma
	5%
	GH
	Acromegaly/gigantism

	3.
	Mixed somatotroph-lactotroph adenoma
	5%
	PRL, GH
	Acromegaly, hypogonadism, galactorrhea

	4.
	Corticotroph adenoma
	10-15%
	ACTH
	Cushinq's syndrome

	5.
	Gonadotroph adenoma
	10-15%
	FSH-LH
	Inactive or hypogonadism

	6.
	Thyrotroph adenoma
	1%
	TSH
	Thyrotoxicosis

	7.
	Null cell adenoma/ oncocytoma
	20%
	Nil
	Pituitary failure

	8.
	Pfeurihormonal adenoma
	15%
	Multiple hormones
	Mixed


Table 27
M/E Craniopharyngioma closely resembles ameloblastoma of the jaw. There are 2 distinct histologic features:

1. Stratified squamous epithelium frequently lining, a cyst and containing loose stellate cells in the centre; and

2. Solid ameloblastous areas.

Granular CellTumour (Choristoma).

    Though tumours of the posterior pituitary are rare, granular cell tumour or choristoma is the most common tumour of the neurohypophysis. It is composed of a mass of cells having granular eosinophilic cytoplasm similar to the cells of the posterior pituitary.

ISLET CELLTUMOURS
    Isulinoma (β-CellTumour)
    Insulinomas or beta (β)-cell tumours are the most common islet cell tumours. The neoplastic p-cells secrete insulin into the blood stream which remains unaffected by normal regulatory mechanisms. This results in characteristic attacks of hypolgycaemia with blood glucose level falling to 50 mg/dl or below, high plasma insulin level (hyperinsulinism) and high insulin-glucose ratio.
    Insulinoma from α-cells which synthesize glucagon.
    Gastrinoma (G-Cell Tumour, Zollinger-Ellison Syndrome) Zollinger and Ellison described diagnostic triad consisting of:
■ fulminant peptic ulcer disease;
■ gastric acid hypersecretion; and
■  presence of non-p pancreatic islet cell tumour.
    Such non-p pancreatic islet cell tumour is the source of gastrin, producing hypergastrinaemia and hence named gastrinoma.
NOTE.
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

LESSON №13
TOPIC: MESENCHYMAL NEOPLASMS.
TUMORS OF THE CENTRAL NERVOUS SYSTEM.
MELANOCYTE NEOPLASMS.
    Mesenchymal neoplasms arise from any of the cells present in extraskeleUil con​nective tissue, including fibroblasts, adipocytes, neural derivatives, vascular endothe​lium, smooth muscle of vessel walls, skeletal muscle, and other mesenchymal cells (bone, cartilage tissues, synovium of fascias, tendons, aponeurosis). Mesenchymal neoplasms have histioid structure.
Benign mesenhymal neoplasms are named after the cell of origin (a Greek or Latin word is used) followed by the suffix - onia. The names of these tumors may contain the organ of origin and an adjective, e.g., cavernous hemangioma of the liver.
    Malignant mesenchymal neoplasms are named after the cell of origin, to which is added the suffix - sarcoma.
TUMOURS AND TUMOUR-LIKE LESIONS OF FIBROUS TISSUE 
FIBROMAS 
    True fibromas are uncommon tumours in soft tissues. Many fibromas are actually examples of hyperplastic fibrous tissue rather than true neoplasms. On the other hand, combinations of fibrous growth with other mesenchymal tissue elements are more frequent e.g. neurofibroma, fibromyoma etc.
1. Fibroma durum is a benign, often pedunculated and well-circumscribed tumour occurring on the body surfaces and mucous membranes. It is composed of fully matured and richly collagenous fibrous connective tissue.
2. Fibroma molle or fibrolipoma, also termed soft fibroma, is similar type of benign growth composed of mixture of mature fibrous connective tissue and adult-type fat.
3. Elastofibroma is a rare benign fibrous tumour located in the subscapular region. It is characterised by association of collagen bundles and branching elastic fibres.
FIBROMATOSIS
    'Fibromatosis' is the term used for tumour-like lesions of fibrous tissue which continue to proliferate actively and may be difficult to differentiate from sarcomas. These lesions may, therefore, be regarded as non-metastasising fibroblastic tumours which tend to invade locally and recur after surgical excision.
A. Infantile or juvenile fibromatoses include: fibrous hamartoma of infancy, fibromatosis colli, diffuse infantile fibromatosis, juvenile aponeurotic fibroma, juvenile nasopharyngeal angiofibroma and congenital (generalised and solitary) fibromatosis.
B. Adult type of fibromatoses are: palmar and plantar fibromatosis, nodular fascitis, cicatricial fibromatosis, keloid, irradiation fibromatosis, penile fibromatosis (Peyronie's disease), abdominal and extra-abdominal desmoid fibromatosis, and retroperitoneal fibromatosis.
KELOID. A keloid is a progressive fibrous overgrowth in response to cutaneous injury such as burns, incisions, insect bites, vaccinations and others.
G/A The keloid is a firm, smooth, pink, raised patch from which extend claw-like processes (keloid-claw).                                                                         
M/E It is composed of thick, homogeneous, eosinophilic hyalinised bands of collagen admixed with thin collagenous fibres and large active fibroblasts.
NODULAR FASCITIS. Nodular fascitis, also called pseudosarcomatous fibromatosis, is a form of benign and reactive fibroblastic growth extending   from superficial fascia into the subcutaneous fat, and sometimes into the   subjacent muscle. The most common locations are the upper extremity, trunk and neck region of young adults.
G/A The lesion appears as a solitary well-cirumscribed nodule (true to its name) in the superficial fascia.
M/E Various morphologic patterns may be seen but most common is a whorled or S-shaped pattern of fibroblasts present in oedematous background. The individual cells are spindle-shaped, plump fibroblasts showing mild nuclear atypia.
PALMAR AND PLANTAR FIBROMATOSES. These fibromatoses, also called Dupuytren-like contractures are the most common form of fibromatoses occurring superficially.
■ Palmar fibromatosis is more common in the elderly males occurring in the palmar fascia and leading to flexion contractures of the fingers (Dupuytren's contracture).
■ Plantar fibromatosis is a similar lesion occurring on the medial aspect of plantar arch. Essentially similar lesions occur in the shaft of the penis (penile fibromatosis or Peyronie's disease) and in the soft tissues of the knuckles (knuckle pads).
M/E All these forms of fibromatoses have similar appearance. The nodules are composed of fibrovascular tissue having plump, tightly-packed fibroblasts which have high mitotic rate.
DESMOID FIBROMATOSES. Desmoid fibromatoses or musculo-aponeurotic fibromatoses, commonly referred to as desmoid tumours, are of 2 types: abdominal and extra-abdominal. Both types are, however, histologically similar. Recurrences are frequent and multiple.
■ Abdominal desmoids are locally aggressive infiltrating tumour-like fibroblastic growths, often found in the musculo-aponeurotic structures of the rectus muscle in the anterior abdominal wall in women during or after pregnancy.
■ Extra-abdominal desmoids, on the other hand, are more common in men and are widely distributed such as in the upper and lower extremities, chest wall, back, buttocks and head and neck region.
■ Intra-abdominal desmoids present atthe root of the small bowel mesentery are associated with Gardner's syndrome (consisting of fibromatosis, familial intestinal polyposis, osteomas and epidermal cysts).
G/A Desmoids are solitary, large, grey-white, firm and unencapsulated tumours infiltrating the muscle locally. Cut surface is whorled and trabeculated.
M/E Their appearance is rather misleadingly bland in contrast with aggressive local behaviour. They are composed of uniform-looking fibroblasts arranged in bands and fascicles.
FIBROSARCOMA 
Fibrosarcoma is a slow-growing tumour, affecting adults between 4th and 7th decades of life. Most common locations are the lower extremity (especially thigh and around the knee), upper extremity, trunk, head and neck, and retroperitoneum.
G/A Fibrosarcoma is a grey-white, firm, lobulated and characteristically circumscribed mass. Cut surface of the tumour is soft, fishflesh-like, with foci of    necrosis and haemorrhages.
M/E The tumour is composed of uniform, spindle-shaped fibroblasts arranged in intersecting fascicles. In well-differentiated tumours, such areas produce 'herring-bone pattern' (herring-bone is a sea fish).
FIBROHISTIOCYTIC TUMOURS 
BENIGN FIBROUS HISTIOCYTOMA 
    Depending upon the location and predominant pattern, benign fibrous histiocytomas include a number of diverse entities such as dermatofibroma, sclerosing haemangioma, fibroxanthoma, xanthogranuloma, giant cell tumour of tendon sheath and pigmented villonodular synovitis.
DERMATOFIBROSARCOMA PROTUBERANS
    Dermatofibrosarcoma protuberans is a low-grade malignant cutaneous tumour of fibrohistiocytic origin. The tumour recurs locally, and in rare instances gives rise to distant metastases.
G/A The tumour forms a firm, solitary or multiple, satellite nodules extending into the subcutaneous fat and having thin and ulcerated skin surface.
M/E The tumour is highly cellular and is composed of fibroblasts arranged in a cart-wheel or storiform pattern.
MALIGNANT FIBROUS HISTIOCYTOMA
    Malignant fibrous histiocytomas now represent approximately 20-30% of all soft tissue sarcomas. It is the most common soft tissue sarcoma and is the most frequent sarcoma associated with radiotherapy. The tumour occurs more commonly in males and more frequently in the age group of 5th to 7th decades. Most common locations are lower and upper extremities and retroperitoneum.
G/A Malignant fibrous histiocytoma is a multilobulated, well-circumscribed, firm or fleshy mass, 5-10 cm in diameter. Cut surface is grey-white, soft and myxoid.
M/E There is marked variation in appearance from area to area within the same tumour. In general, there is admixture of spindle-shaped fibroblast-like cells and mononuclear round to oval histiocyte-like cells which may show phagocytic function. There is tendency for the spindle shaped cells to be arranged in characteristic cart-wheel or storiform pattern. The tumour cells show varying degree of pleomorphism, hyperchromatism, mitotic activity and presence of multinucleate bizarre tumour giant cells.
TUMOURS OF ADIPOSE TISSUE
LIPOMA 
    Lipoma is the commonest soft tissue tumour. It appears as a solitary, soft, movable and painless mass which may remain stationary or grow slowly. Lipomas occur most often in 4th to 5th decades of life and are frequent in females. They may be found at different locations in the body but most common sites are the subcutaneous tissues in the neck, back and shoulder.
G/A A subcutaneous lipoma is usually small, round to oval and encapsulated mass. The cut surface is soft, lobulated, yellowish-orange and greasy.
M/E The tumour is composed of lobules of mature adipose cells separated by delicate fibrous septa. A thin fibrous capsule surrounds the tumour.
LIPOSARCOMA 
    Liposarcoma is one of the common soft tissue sarcomas, perhaps next in frequency only to malignant fibrous histiocytoma. Unlike lipoma which originates from mature adipose cells, liposarcoma arises from primitive mesenchymal  cells, the lipoblasts. The peak incidence is in 5th to 7th decades of life. In  contrast to lipomas which are more frequently subcutaneous in location, liposarcomas often occur in the deep tissues.
G/A Liposarcoma appears as a nodular mass, 5 cm or more in diameter. The J tumour is generally circumscribed but infiltrative. Cut surface is grey-white to  yellow, myxoid and gelatinous.
M/E The hallmark of diagnosis of liposarcoma is the identification of variable I number of lipoblasts which may be univacuolated or multivacuolated. Four J major histologic varieties of liposarcomas are distinguished.
1.Well-differentiated liposarcoma resembles lipoma but contains uni- or multi​vacuolated lipoblasts.
2.Myxoid liposarcoma is the most common histologic type. It is composed of monomorphic, fusiform or stellate cells representing primitive mesenchymal cells, lying dispersed in mucopolysaccharide-rich ground substance.
3. Round cell liposarcoma is composed of uniform, round to oval cells having fine multivacuolated cytoplasm with central hyperchromatic nuclei.
4. Pleomorphic liposarcoma is highly undifferentiated and the most anaplastic type. There are numerous large tumour giant cells and bizarre lipoblasts.
Hibernoma it is a tumour from brown fat.
SKELETAL MUSCLE TUMOURS
RHABDOMYOMA
    Rhabdomyoma is a rare benign soft tissue tumour. Soft tissue rhabdomyomas are predominantly located in the head and neck, most often in the upper neck, tongue, larynx and pharynx.
RHABDOMYOSARCOMA
    Rhabdomyosarcoma is a much more common soft tissue tumour than rhabdomyoma, and is the commonest soft tissue sarcoma in children and young adults. It is a highly malignant tumour arising from rhabdomyoblasts in varying stages of differentiation with or without demonstrable cross-striations. Depending upon the growth pattern and histology, 4 types are distinguished.
1. EMBRYONAL RHABDOMYOSARCOMA. The embryonal form is the most common of the rhabdomyosarcomas. It occurs predominantly in children under 12 years of age. The common locations are in the head and neck region, most frequently in the orbit, urogenital tract and the retroperitoneum.
G/A The tumour forms a gelatinous mass growing between muscles or in the deep subcutaneous tissues.
M/E There is considerable variation in cell types. Generally, the tumour consists of a mixture of small, round to oval cells and spindle-shaped strap cells having tapering bipolar cytoplasmic processes in which cross-striations may be evident. Mitoses are frequent.
2. BOTRYOID RHABDOMYOSARCOMA. Botryoid variety is regarded as a variant of embryonal rhabdomyosarcoma occurring in children under 10 years of age. It is seen most frequently in the vagina, urinary bladder and nose.
G/A The tumour forms a distinctive grape-like gelatinous mass protruding into the hollow cavity.
M/E The tumour grows underneath the mucosal layer, forming the characteristic  cambium layer of tumour cells.
3. ALVEOLAR RHABDOMYOSARCOMA. Alveolar type of rhabdomyo​sarcoma is more common in older children and young adults under the age of 20 years. The most common locations, unlike the embryonal variety, are the extremities.
G/A The tumour differs from embryonal type in arising directly from skeletal muscle and grows rapidly as soft and gelatinous mass.
M/E The tumour shows characteristic alveolar pattern resembling pulmonary alveolar spaces. These spaces are formed by fine fibrocollagenous septa. The tumour cells lying in these spaces and lining the fibrous trabeculae are generally small, lymphocyte-like with frequent mitoses. Cross-striation can be demonstrated in about a quarter of cases.
4. PLEOMORPHIC RHABDOMYOSARCOMA. 
This less frequent variety of abdomyosarcoma occurs predominantly in older adults above the age of 40 years. They are most common in the extremities, most frequently in the lower limbs.
G/A The tumour forms a well-circumscribed, soft, whitish mass with areas of haemorrhages and necrosis.
M/E The tumour cells show considerable variation in size and shape. The tumour is generally composed of highly anaplastic cells having bizarre appearance and numerous multinucleate giant cells. Cross-striations can be demonstrated with PTAH stain in a few tumours.
TUMOURS FROM SMOOTH MUSCLE
Leiomyoma
    Leiomyomas or fibromyomas, commonly called fibroids by the gynaecologists, are the most common uterine tumours of smooth muscle origin, often admixed with variable amount of fibrous tissue component. About 20% of women above the age of 30 years harbour uterine myomas of varying size. Vast majority of them are benign and cause no symptoms. Malignant transformation occurs in less than 0.5% of leiomyomas. Symptomatic cases may produce abnormal uterine bleeding, pain, symptoms due to compression of surrounding structures and infertility.
    The cause of leiomyomas is unknown but the possible stimulus to their proliferation is oestrogen.
    Leiomyomas are most frequently located in the uterus where they may occur within the myometrium (intramural or interstitial), theserosa (subserosal), or just underneath the endometrium (submucosal).
G/A Irrespective of their location, leiomyomas are often multiple, circumscribed, firm, nodular, grey-white masses of variable size. On cut section, they exhibit characteristic whorled pattern.
M/E They are essentially composed of 2 tissue elements—whorled bundles of smooth muscle cells admixed with variable amount of connective tissue. The smooth muscle cells are uniform in size and shape with abundant cytoplasm and central oval nuclei.
    The pathologic appearance may be altered by secondary changes in the leiomyomas. These include: hyaline degeneration, cystic degeneration, infarction, calcification, infection and suppuration, necrosis, fatty change, and rarely, sarcomatous change.
Leiomyosarcoma
    Leiomyosarcoma is an uncommon malignant tumour as compared to its rather common benign counterpart. The incidence of malignancy in pre-existing leiomyoma is less than 0.5% but primary uterine sarcoma is less common than that which arises in the leiomyoma. The peak age incidence is seen in 4th to 6th decades of life.
G/A The tumour may form a diffuse, bulky, soft and fleshy mass, or a polypoid mass projecting into lumen.
M/E Though there are usually some areas showing whorled arrangement of spindle-shaped smooth muscle cells having large and hyperchromatic nuclei, the hallmark of diagnosis and prognosis is the number of mitoses per high power field (HPF). The essential diagnostic criteria are: more than 10 mitoses per 10 HPF with or without cellular atypia, or 5-10 mitoses per 10 HPF with cellular atypia.
TUMOURS OF UNCERTAIN HISTOGENESIS 
SYNOVIAL SARCOMA (MALIGNANT SYNOVIOMA)
    Synovial sarcoma or malignant synovioma, is a distinctive soft tissue sarcoma arising from synovial tissues close to the large joints, tendon sheaths, bursae and joint capsule but almost never arising within joint cavities. Most common locations are the extremities, most frequently the lower extremity. The tumour principally occurs in young adults, usually under 40 years of age. The tumour grows slowly as a painful mass but may metastasise via blood stream, chiefly to the lungs.                                                  
G/A The tumour is of variable size and is grey-white, round to multilobulated and encapsulated. Cut surface shows fishflesh-like sarcomatous appearance with foci of calcification, cystic spaces and areas of haemorrhages and necrosis.
M/E Classic synovial sarcoma shows a characteristic cellular pattern composed of clefts or gland-like structures lined by cuboidal to columnar epithelial-like cells and plump to oval spindle cells.
An uncommon variant of synovial sarcoma \smonophasic pattern in which the epithelial component is exceedingly rare.
ALVEOLAR SOFT PART SARCOMA 
    Alveolar soft part sarcoma is a histologically distinct, slow-growing malignant tumour of uncertain histogenesis. The tumour may occur at any age but affects children and young adults more often.
G/A The tumour is well-demarcated, yellowish and firm. 
M/E The tumour shows characteristic alveolar pattern. Organoid masses of tumour cells are separated by fibrovascular septa. The tumour cells are large and regular and contain abundant, eosinophilic, granular cytoplasm which contains diastase-resistant PAS-positive material.
GRANULAR CELL MYOBLASTOMA
Granular cell tumour is a benign tumour of unknown histogenesis. It may occur at any age but most often affected are young to middle-aged adults. The most  frequent locations are the tongue and subcutaneous tissue of the trunk and extremities.
EPITHELIOID SARCOMA
    This soft tissue sarcoma occurring in young adults is peculiar in that it presents | as an ulcer with sinuses, often located on the skin and subcutaneous tissues | as a small swelling. The tumour is slow growing but metastasising.
CLEAR CELL SARCOMA
    Clear cell sarcoma, first described by Enginzer, is seen in skin and subcutaneous tissues, especially of hands and feet.
MYOSITIS OSSIFICANS 
    Myositis ossificans is a benign, tumour-like lesion characterised by osteoid and heterotopic bone formation in the soft tissues. It is a misnomer since the lesion neither occurs exclusively in the skeletal muscle as the name leads one to believe, nor are the inflammation or ossification always essential.
    Myositis ossificans is generally preceded by history of antecedent trauma to a skeletal muscle or its tendon. The patient generally complains of pain, tenderness and swelling. Richly vascularised granulation tissue replaces the affected muscle or tendon. Then follows development of osteoid and bone at the periphery, giving characteristic X-ray appearance.
G/A The lesion appears as unencapsulated, gritty mass replacing the muscle. 
M/E The central region of the mass shows loosely-arranged fibroblasts having high mitotic activity. Towards the periphery, there is presence of osteoid matrix and formation of woven mineralised bone with trapped skeletal muscle fibres and regenerating muscle (myogenic) giant cells. The appearance is sufficiently atypical to suggest osteosarcoma. This is why the condition is also called pseudomalignant osseous tumour of the soft tissues.
TUMOURS AND TUMOUR-LIKE LESIONS OF BLOOD VESSELS
    Majority of benign vascular tumours are malformations or hamartomas. A hamartoma is a tumour-like lesion made up of tissues indigenous to the part but lacks the true growth potential of true neoplasms. However, there is no clear-cut distinction between vascular hamartomas and true benign tumours and are often described together.
Haemangloma
    Haemangiomas are quite common lesions, especially in infancy and childhood. The most common site is the skin of the face. Amongst the various clinical and histologic types, three important forms are described below. 
 CAPILLARY HAEMANGIOMA. These are the most common type. Clinically, they appear as small or large, flat or slightly elevated, red to purple, soft and lobulated lesions, varying in size from a few millimetres to a few centimetres in diametre. They may be present at birth or appear in early childhood. Strawberry birthmarks and 'port-wine mark' are some good examples. The common sites are the skin, subcutaneous tissue and mucous membranes of oral cavity and lips.
M/E Capillary haemangiomas are well-defined but unencapsulated lobules. These lobules are composed of capillary-sized, thin-walled, blood-filled vessels. These vessels are lined by single layer of plump endothelial cells surrounded by a layer of pericytes.
CAVERNOUS HAEMANGIOMA. Cavernous haemangiomas are single or multiple, discrete or diffuse, red to blue, soft and spongy masses. They are often 1 to 2 cm in diameter. They are most common in the skin (especially of the face and neck); other sites are mucosa of the oral cavity. 
M/E Cavernous haemangiomas are composed of thin-walled cavernous vascular spaces, filled partly or completely with blood. The vascular spaces are lined by flattened endothelial cells.
GRANULOMA PYOGENICUM. Granuloma pyogenicum is also referred to as haemangioma of granulation tissue type. True to its name, it appears as exophytic, red granulation tissue just like a nodule, commonly on the skin and mucosa of gingiva or oral cavity. Pregnancy tumour or granuloma gravidarum is a variant occurring on the gingiva during pregnancy and regresses after delivery.
M/E It shows proliferating capillaries similar to capillary haemangioma but the capillaries are separated by abundant oedema and inflammatory infiltrate, thus resembling inflammatory granulation tissue.
Lymphangioma 
    Lymphangiomas are lymphatic counterparts of vascular haemangiomas. Lymphangiomas are congenital lesions which are classified as capillary, cavernous and cystic hygroma.
CAPILLARY LYMPHANGIOMA. It is also called as lymphangioma simplex. It is a small, circumscribed, slightly elevated lesion measuring 1 to 2 cm in diameter. The common locations are the skin of head and neck, axilla and mucous membranes.
M/E Capillary lymphangioma is composed of a network of endothelium-lined, capillary-sized spaces containing lymph, separated by lymphoid aggregates.
CAVERNOUS LYMPHANGIOMA. It is more common than the capillary type. The common sites are in the region of head and neck or axilla. A large cystic variety called cystic hygroma occurs in the neck producing gross deformity in  the neck.
M/E Cavernous lymphangioma consists of large dilated lymphatic spaces lined i by flattened endothelial cells and containing lymph. Scanty intervening stromal I   connective tissue is present.
Glomus Tumour (Glomangioma)
    Glomus tumour is an uncommon true benign tumour arising from contractileglomus cells that are present in the arteriovenous shunts (Sucquet-Hoyer anastomosis). These tumours are found most often in the dermis of the fingersor toes under a nail. These lesions are characterised by extreme pain.
M/E The tumours are composed of small blood vessels lined by endothelium and surrounded by aggregates, nests and masses of glomus cells. The glomus cells are round to cuboidal cells with scanty cytoplasm.
4. Arteriovenous Malformations
    An arteriovenous (AV) malformation is a communication between an artery and vein without an intervening capillary bed. It may be congenital or acquired type. Congenital AV malformations have thick-walled vessels with hyalinisation and calcification. Acquired AV malformations reveal mainly changes in the veins which are dilated and thick-walled.
Haemangioendothelioma
    Haemangioendothelioma is a true tumour of endothelial cells, the behaviour of which is intermediate between a haemangioma and haemangiosarcoma. It is found most often in the skin and subcutaneous tissue in relation to medium-sized and large veins, Haemangioblastoma is the term used for similar tumour occurring in the cerebellum.
G/A The tumour is usually well-defined, grey-red, polypoid mass.
M/E There is active proliferation of endothelial cells forming several layers around the blood vessels so that vascular lumina are difficult to identify. Reticulin stain delineates the pattern of cell proliferation inner to the basement membrane.
Haemangiopericytoma
    Haemangiopericytoma is an uncommon tumour arising from pericytes. Pericytes are cells present external to the endothelial cells of capillaries and venules.
M/E The tumour is composed of capillaries surrounded by spindle-shaped pericytes outside the capillary basement membrane forming whorled arrangement. Silver impregnation stain (i.e. reticulin stain) is employed to confirm the presence of pericytes outside the basement membrane of capillaries and to distinguish it from haemangioendothelioma.
Angiosarcoma
    Also known as haemangiosarcoma and malignant haemangioendothelioma, it is a malignant vascular tumour occurring most frequently in the skin, subcutaneous tissue, liver, spleen, bone, lung and retroperitoneal tissues. It can occur in both sexes and at any age. Hepatic angiosarcomas are of special interest in view of their association with carcinogens like polyvinyl chloride, arsenical pesticides and radioactive contrast medium, thorotrast.
G/A The tumours are usually bulky, pale grey-white, firm masses with poorly-defined margins. Areas of haemorrhage, necrosis and central softening are frequently present.
M/E The tumours may be well-differentiated masses of proliferating endothelial cells around well-formed vascular channels, to poorly-differentiated lesions composed of plump, anaplastic and pleomorphic cells in solid clusters with poorly identifiable vascular channels.
Kaposi's Sarcoma
    Kaposi's sarcoma is a malignant angiomatous tumour, first described by Kaposi, Hungarian dermatologist, in 1872. However, the tumour has attracted greater attention more recently due to its frequent occurrence in patients with AIDS. Four forms of Kaposi's sarcoma are described:
1. Classic (European) Kaposi's sarcoma. This is the form which was first described by Kaposi. It is more common in men over 60 years of age of Eastern European descent. The disease is slow and appears as multiple, small, purple, dome-shaped nodules or plaques in the skin, especially on the legs. Involvement of visceral organs occurs in about 10% cases after many years.
2. African (Endemic) Kaposi's sarcoma. This form is common in equatorial Africa. It is so common in Uganda that it comprises 9% of all malignant tumours in men. It is found in younger age, especially in boys and in young men and has a more aggressive course than the classic form.
3. Epidemic (AIDS-associated) Kaposi's sarcoma. This form is seen in about 30% cases of AIDS, especially in young male homosexuals than the other high risk groups. The cutaneous lesions are not localised to lower legs but are more extensively distributed involving mucous membranes, lymph nodes and internal organs early in the course of disease.
4. Kaposi's sarcoma in renal transplant cases. This form is associated with recipients of renal transplants who have been administered immunosuppressive therapy for a long time. The lesions may be localised to the skin or may have widespread systemic involvement.
PATHOGENESIS. The etiology of Kaposi's sarcoma is not clearly known.
■ Epidemiological studies have suggested a viral association implicating HIV and human herpesvirus 8 (HSV 8, also called Kaposi's sarcoma HSV). The excessive proliferation of mesenchymal spindle cells of vascular origin occurs due to cooperation between HIV-derived protein and angiogenic cytokines (e.g. oncostatin-M, and basic fibroblast growth factor). Higher incidence of Kaposi's sarcoma in male homosexuals is explained by increased secretion of cytokines by their activated immune system.
■ Defective immunoregulation plays a role in its pathogenesis is further substantiated by observation of second malignancy (e.g. leukaemia, lymphoma and myeloma) in about one-third of patients with Kaposi's sarcoma.
■ An HLA association with classic type of Kaposi's sarcoma has been observed, implying thereby the role of genetic factors in its etiology.
G/A The lesions in the skin, gut and other organs form prominent, irregular, purple, dome-shaped plaques or nodules.
M/E The changes are nonspecific which evolve through the following 2 stages:
■ In the early patch stage, there are irregular vascular spaces separated by interstitial inflammatory cells and extravasated blood and haemosiderin.
■ In the late nodular stage, there are slit-like vascular spaces containing red blood cells and separated by spindle-shaped, plump tumour cells. These spindle-shaped tumour cells are probably of endothelial origin.
    The clinical course and biologic behaviour of Kaposi's sarcoma is quite variable. The classic form of Kaposi's sarcoma is largely confined to skin and the course is generally slow and insidious with long survival. The endemic (African) and epidemic (AIDS-associated) Kaposi's sarcoma, on the other hand, has a rapidly progressive course, often with widespread cutaneous as well as visceral involvement, and high mortality.
MELANOCYTIC TUMOURS
    Melanocytic tumours may arise from one of the three cell types: naevus cells, epidermal melanocytes and dermal melanocytes.
    Benign tumours originating from naevus cells are called naevocellular naevi.
■ The examples of benign tumours arising from epidermal melanocytes are lentigo, freckles, pigmentation associated with Albright's syndrome and cafe-au-lait spots of neurofibromatosis.
■ Benign tumours derived from dermal melanocytes are Mongolian spots, naevi of Ota and of Ito and the blue naevus.
■ Malignant melanoma is the malignant counterpart of melanocyte tumours.
1. NAEVOCELLULAR NAEVI. Pigmented naevi or moles are extremely common lesions on the skin of most individuals. They are often flat or slightly elevated lesions; rarely they may be papillomatous or pedunculated.
M/E Irrespective of the histologic types, all naevocellular naevi are composed of 'naevus cells' which are actually identical to melanocytes but differ from melanocytes in being arranged in clusters or nests. Naevus cells are cuboidal or oval in shape with homogeneous cytoplasm and contain large round or oval nucleus. Melanin pigment is abundant in the naevus cells present in the lower epidermis and upper dermis, but the cells in the mid-dermis and lower dermis hardly contain any melanin.
The important histological variants of naevi are as under:
i) Lentigo is the replacement of the basal layer of the epidermis by melanocytes.
ii) Junctional naevus is the one in which the naevus cells lie at the epidermal dermal junction. The naevus cells form well-circumscribed nests.
iii) Compound naevus is the commonest type of pigmented naevus. These  lesions, in addition to the junctional activity as in junctional naevi, show nests   of naevus cells in the dermis to a variable depth.
iv) Intradermal naevus shows slight or no junctional activity. The lesion is mainly located in the upper dermis as nests and cords of naevus cells.  Multinucleate naevus cells are common.
v) Spindle cell (epithelioid) naevus or juvenile melanoma is a compound  naevus with junctional activity. The naevus cells are, however, elongated and epithelioid in appearance which may or may not contain melanin.
vi) Blue naevus is characterised by dendritic spindle naevus cells rather than  the usual rounded or cuboidal naevus cells.
vii) Dysplastic naevi are certain atypical naevi which have increased risk of progression to malignant melanoma.
2. MALIGNANT MELANOMA. 
    Malignant melanoma or melanocarcinoma arising from melanocytes is one of the most rapidly spreading malignant tumour of the skin that can occur at all ages but is rare before puberty. The tumour spreads locally as well as to distant sites by lymphatics and by blood. The etiology is unknown but there is role of excessive exposure of white skin to sunlight. Besides the skin, melanomas may occur at various other sites such as oral and anogenital mucosa, oesophagus, conjunctiva, orbit and lepto-meninges.
Some high risk factors associated with increased incidence of malignant melanoma are:
i) persistent change in appearance of a mole; ii) presence of pre-existing naevus (especially dysplastic naevus); iii) family history of melanoma in a patient of atypical mole; iii) higher age of the patient; and iv) more than 50 moles 2 mm or more in diameter.
    Clinically, melanoma often appears as a flat or slightly elevated naevus which has variegated pigmentation, irregular borders and, of late, has under​gone secondary changes of ulceration, bleeding and increase in size. Many of the malignant melanomas, however, arise de novo rather than from a pre-
existing naevus. Malignant melanoma can be differentiated from benign pigmented lesions by subtle features which dermatologists term as ABCD of melanoma; these are summed up in Table 28.
	
	FEATURE
	BENIGN MOLE
	MALIGNANT MELANOMA

	1.
	Clinical features
	
	

	
	i) Symmetry
	Symmetrical
	A = Asymmetry

	
	ii) Border
	welldemarkated
	B = Border irregularity

	
	iii) Colour
	Uniformly pigmented
	C = Colour change

	
	iv) Diameter
	Small, less than 6 mm
	D = Diameter more than 6 mm

	2.
	Common locations
	Skin of face, mucosa
	Skin; mucosa of nose, bowel,
anal region

	3.
	Histopathology
	
	

	
	i) Architecture
	Nests of cells
	Various paterns: solid sheets,
alveoli, nests, islands

	
	ii) Cell morphology
	Uniform looking
naevus cells
	Malignant cells, atypia,
mitoses, nucleoli

	
	iii) Melanin pigment
	Irregular, coarse
	Fine granules, uniformly

	
	iv) Inflammation
	Clumps may or may not be present
	Distributed, often present


	4.
	Spread
	Remains confined, poses cosmetic problem only
	Haematogenous and/or lymphatic spread early


Table 28
Depending upon the clinical course and prognosis, cutaneous malignant melanomas are of the following 4 types:
i) Lentigo maligna melanoma. This often develops from a pre-existing lentigo (a flat naevus characterised by replacement of basal layer of epidermis by naevus cells). It is essentially a malignant melanoma in situ. It is slow-growing and has good prognosis.
ii) Superficial spreading melanoma. This is a slightly elevated lesion with variegated colour and ulcerated surface. It often develops from a superficial spreading melanoma in situ (pagetoid melanoma) in 5 to 7 years. The prognosis is worse than for lentigo maligna melanoma.
iii) Acral lentigenous melanoma. This occurs more commonly on the soles, palms and mucosal surfaces.
iv) Nodular melanoma. This often appears as an elevated and deeply pigmented nodule that grows rapidly and undergoes ulceration. This variant carries the worst prognosis.
M/E The following characteristics are observed:
i) Origin. The malignant melanoma, whether arising from a pre-existing naevus or starting de novo, has marked junctional activity at the epidermo-dermal junction and grows downward into the dermis.
ii) Tumour cells. The malignant melanoma cells are usually larger than the naevus cells. They may be epithelioid or spindle-shaped, the former being more common. The tumour cells have amphophilic cytoplasm and large, pleomorphic nuclei with conspicuous nucleoli. Mitotic figures are often present and multinucleate giant cells may occur.
iii) Melanin. Melanin pigment may be present (melanotic) or absent (amelanotic melanoma) without any prognostic influence. The pigment, if present, tends to be in the form of uniform fine granules.
iv) Inflammatory infiltrate. Some amount of inflammatory infiltrate is present in the invasive melanomas.
    The prognosis for patients with malignant melanoma is related to the depth of invasion of the tumour in the dermis.
    Metastatic spread of malignant melanoma is very common and takes place via lymphatics to the regional lymph nodes, and through blood to distant sites like lungs, liver, brain, spinal cord, and adrenals.
Tumours of bones

Osteoma
    An osteoma is a rare benign, slow-growing lesion, regarded by some as a hamartoma rather than a true neoplasm. Similar lesions may occur following trauma, subperiosteal haematoma or local inflammation.
    The lesion is composed of well-differentiated mature lamellar bony trabe-culae separated by fibrovascular tissue.
Osteoid Osteoma and Osteoblastoma
    Osteoid osteoma and osteoblastoma (or giant osteoid osteoma) are closely related benign tumours occurring in children and young adults. Osteoid osteoma is more common than osteoblastoma. There are no clear-cut histologic criteria to distinguish the two. The distinction between them is based on clinical features, size and radiographic appearance.
■ Osteoid osteoma is generally small (usually less than 1 cm) and painful tumour, located in the cortex of a long bone. The tumour is clearly demarcated having surrounding zone of reactive bone formation.
■ Osteoblastoma, on the other hand, is larger in size (usually more than 1 cm), painless, located in the medulla, commoniy in the vertebrae, ribs, ilium and long bones, and there is absence of reactive bone formation.
M/E The distinction between osteoid osteoma and osteoblastoma is not obvious. In either case, the lesion consists of trabeculae of osteoid, rimmed by osteoblasts and separated by highly vascularised connective tissue stroma.
Osteosarcoma
    Osteosarcoma or osteogenic sarcoma is the most common primary malignant tumour of the bone. The tumour is characterised by formation of osteoid or bone, or both, directly by sarcoma cells. The tumour is thought to arise from primitive osteoblast-forming mesenchyme. Depending upon their locations within the bone, osteosarcomas are classified into 2 main categories: medul​lary (central) and parosteal (juxtacortical).
    Medullary or central osteosarcoma is the more common type and is generally referred to as 'osteosarcoma' if not specified. The tumour occurs in young patients between the age of 10 and 20 years. Males are affected more frequently than females. The tumour arises in the metaphysis of long bones. Most common sites, in descending order of frequency, are: the lower end of femur and upper end of tibia (i.e. around knee joint about 60%); the upper end of humerus (10%); pelvis and the upper end of femur (i.e. around hip joint about 15%).
Based upon the pathogenesis, osteosarcoma is divided into 2 types:
■ Primary osteosarcoma is more common and occurs in the absence of any known underlying disease. Its etiology is unknown but there is evidence linking this form of osteosarcoma with genetic factors (e.g. hereditary mutation of chromosome 13 in common with retinoblastoma locus), period of active bone growth (occurrence of the tumour in younger age), and certain environmental influences (e.g. radiation and an oncogenic virus).
■ Secondary osteosarcoma, on the other hand, develops following pre​existing bone disease e.g. Paget's disease of bone, fibrous dysplasia, multiple osteochondromas, chronic osteomyelitis, infarcts and fractures of bone. The tumour has a more aggressive behaviour than the primary osteosarcoma.
    Medullary osteosarcoma is a highly malignant tumour. The tumour arises centrally in the metaphysis, extends longitudinally for variable distance into the medullary cavity, expands laterally on either side breaking through the cortexa and lifting the periosteum. The radiographic appearance is quite distinctive:characteristic 'sunburst pattern' due to osteogenesis within the tumour and presence of Codman's triangle formed at the angle between the elevated periosteum and underlying surface of the cortex.
G/A The tumour appears as a grey-white, bulky mass at the metaphyseal end of a long bone of the extremity. The articular end of the bone is generally uninvolved in initial stage. Cut surface of the tumour is grey-white with areas of haemorrhages and necrotic bone.
M/E Following features are seen:
1. Sarcoma cells: The tumour cells of osteosarcomas are undifferentiated mesenchymal stromal cells which show marked pleomorphism and polymor​phism i.e. variation in size as well as shape. The tumour cells may have various shapes such as spindled, round, oval and polygonal and bizarre tumour giant cells. The tumour cells have variable size and show hyperchromatism and atypical mitoses.
2. Osteogenesis: The anaplastic sarcoma cells form osteoid matrix and bone directly which are found interspersed in the areas of tumour cells
    A variant of the usual osteosarcoma is telangiectatic osteosarcoma in which the tumour has large, cavernous, dilated vascular channels.
Parosteal (Juxtacortical) Osteosarcoma 
    Parosteal or juxtacortical osteosarcoma is an uncommon form of osteosarcoma having its origin from the external surface of the bone (parosteal or juxtacortical means outer to cortex). The tumour should be distinguished from the more common medullary osteosarcoma because of its better prognosis and different presentation. The tumour occurs in older age group, has no sex predilection and is slow growing.
G/A The tumour is lobulated and circumscribed, calcified mass in the subperiosteal location.
M/E Though the features which characterise the usual osteosarcoma (sarcomatous stroma and production of neoplastic osteoid and bone) are present, the tumour shows a high degree of structural differentiation.
CARTILAGE-FORMING (CHONDROBLASTIC)TUMOURS
Osteocartilaginous Exostoses (Osteochondromas)
    Osteocartilaginous exostoses or osteochondromas are the commonest of benign cartilage-forming lesions. Though designated and discussed with neoplasms, exostosis or osteochondroma is not a true tumour but is regarded as a disorder of growth and development. It may occur as a 'solitary sporadic exostosis' or there may be 'multiple hereditary exostoses'.
    Exostoses arise from metaphyses of long bones as exophytic lesions, most commonly lower femur and upper tibia (i.e. around knee) and upper humerus. They are discovered most commonly in late childhood or adolescence and are more frequent in males. Both solitary and multiple exostoses may undergo transformation into chondrosarcoma but the risk is much greater with multiple hereditary exostoses.
G/A Osteochondromas have a broad or narrow base (i.e. may be either sessile or pedunculated) which is continuous with the cortical bone. They protrude exophytically as mushroom-shaped, cartilage-capped lesions enclosing well-formed cortical bone and marrow.
M/E They are composed of outer mature cartilage resembling epiphyseal cartilage and the inner mature lamellar bone and bone marrow.
Enchondroma
    Enchondroma is the term used for the benign cartilage-forming tumour that develops centrally within the interior of the affected bone, while chondroma refers to the peripheral development of lesion similar to osteochondromas. The coexistence of multiple enchondromas with multiple soft tissue haemangiomas constitutes a familial syndrome called Maffucci's syndrome. Most common locations for enchondromas are short tubular bones of the hands and feet.
G/A The enchondroma is lobulated, bluish-grey, translucent, cartilaginous mass lying within the medullary cavity.
M/E The tumour has characteristic lobulated appearance. The lobules are composed of normal adult hyaline cartilage separated by vascularised fibrous stroma. Foci of calcification may be evident within the tumour. Enchondroma is distinguished from chondrosarcoma by the absence of invasion into surrounding tissues.
Chondroblastoma
    Chondroblastoma is a relatively rare benign tumour arising from the epiphysis of long bones adjacent to the epiphyseal cartilage plate. Most commonly affected bones are upper tibia and lower femur (i.e. about knee) and upper humerus. The tumour usually occurs in patients under 20 years of age with male preponderance (male-female ratio 2:1).
G/A Chondroblastoma is a well-defined mass, up to 5 cm in diameter, lying in the epiphysis.
M/E The tumour is highly cellular and is composed of small, round to polygonal mononuclear cells resembling chondroblasts and also contains multinucleate osteoclast-like giant cells.
Chondromyxoid Fibroma
    Chondromyxoid fibroma is an uncommon benign tumour of cartilaginous origin arising in the metaphysis of long bones. Most common locations are upper end of tibia and lower end of femur i.e. around the knee joint. Majority of tumours appear in 2nd to 3rd decades of life with male preponderance.
G/A Chondromyxoid fibroma is sharply-demarcated, grey-white lobulated mass, not exceeding 5 cm in diameter, lying in the metaphysis. The tumour is urtei i surrour ided by a layer of dense sclerotic Dor ie.
M/E The tumour has essentially lobulated pattern. The lobules are separated by fibrous tissue and variable number of osteoclast-like giant cells.
Chondrosarcoma
    Chondrosarcoma is a malignant tumour of chondroblasts. In frequency, it is next in frequency to osteosarcoma but is relatively slow-growing and thus has a much better prognosis than that of osteosarcoma. Two types of chondrosarcoma are distinguished:
■ Central chondrosarcoma is more common and arises within the medullary cavity of diaphysis or metaphysis. This type of chondrosarcoma is generally primary i.e. occurs de novo.
■ Peripheral chondrosarcoma arises in the cortex or periosteum of metaphysis. It may be primary or secondary occurring on a pre-existing benign cartilaginous tumour such as osteocartilaginous exostoses (osteochondromas), multiple enchondromatosis.
    Both forms of chondrosarcoma usually occur in patients between 3rd and 6th decades of life with slight male preponderance. In contrast to benign cartilaginous tumours, majority of chondrosarcomas are found in the central skeleton (i.e. in the pelvis, ribs and shoulders) and around the knee joint.
G/A Chondrosarcoma may vary in size from a few centimeters to extremely large and lobulated masses of firm consistency. Cut section of the tumour shows translucent, bluish-white, gelatinous or myxoid appearance with foci of ossification.
M/E The hallmarks of chondrosarcoma are invasive character and formation of lobules of anaplastic cartilage cells showing cytologic features of malignancy such as hyperchromatism, pleomorphism, two or more cells in the lacunae and tumour giant cells.
GIANT CELLTUMOUR (OSTEOCLASTOMA)
    Giant cell tumour or osteoclastoma is a distinctive neoplasm with uncertain histogenesis and hence classified separately. The tumour arises in the epiphysis of long bones close to the articular cartilage. Most common sites of involvement are lower end of femur and upper end of tibia (i.e. about the knee), lower end of radius and upper end of fibula. Giant cell tumour occurs in patients between 20 and 40 years of age with no sex predilection.
G/A Giant cell tumour is eccentrically located in the epiphyseal end of a long bone which is expanded. The tumour is well-circumscribed, dark-tan and covered by a thin shell of subperiosteal bone. Cut surface of the tumour is characteristically haemorrhagic, necrotic, and honey-combed.
M/E The hallmark of giant cell tumour is the presence of large number of multinucleate osteoclast-like giant cells which are regularly scattered throughout the stromal mononuclear cells.
Giant cell tumour of bone has certain peculiarities which deserve further elaboration.
■ Cell of orign. Though designated as giant cell tumour or osteoclastoma, the true tumour cells are round to spindled mononuclear cells and not osteoclast-like giant cells. Histogenesis of tumour cells is uncertain but possibly they are of mesenchymal origin. The available evidence suggests that osteoclasts are perhaps derived from fusion of monocytes and are reactive in nature.
■ Other giant cell lesions. This peculiar tumour with above description is named 'giant cell tumour' but giant cells are present in several other benign tumours and tumour-like lesions from which the giant cell tumour is to be distinguished. These benign giant cell lesions are: chondroblastoma, brown tumour of hyperparathyroidism, reparative giant cell granuloma, aneurysmal bone cyst, simple bone cyst and metaphyseal fibrous defect (non-ossifying fibroma).                                                                                                      
■ Biologic behaviour. Giant cell tumours are best described as aggressive lesions. About 40% to 60% of them recur after curettage, sometimes after a few decades of initial resection. Approximately 4% cases result in distant metastases, mainly to lungs.
    EWING'S SARCOMA AND PRIMITIVE NEUROECTODERMAL TUMOUR (PNET)
Ewing's sarcoma is a highly malignant small round cell tumour occurring in patients between the age of 5 and 20 years with predilection for occurrence in females. Currently Ewing's sarcoma includes:
i) classic (skeletal) Ewing's sarcoma;
ii) soft tissue Ewing's sarcoma; and               
iii) primitive neuroectodermal tumour (PNET).
    The three are linked together by a common neural origin and by a common cytogenetic translocation abnormality t(11; 22) (q24; q12). This suggests a phenotypic spectrum in these conditions varying from undifferentiated Ewing's sarcoma to PNET positive for rosettes and neural markers.
    The skeletal Ewing's sarcoma arises in the medullary canal of diaphysis or metaphysis. The common sites are shafts and metaphysis of long bones, particularly femur, tibia, humerus and fibula.
Clinical features include pain, tenderness and swelling of the affected area accompanied by fever, leucocytosis and elevated ESR.
G/A Ewing's sarcoma is typically located in the medullary cavity and produces expansion of the affected diaphysis (shaft) or metaphysis, often extending into the adjacent soft tissues. The tumour tissue is characteristically grey-white, soft and friable.
M/E Ewing's tumour is a member of small round cell tumours which includes other tumours such as: PNET, neuroblastoma, embryonal rhabdomyosarcoma, lymphoma-leukaemias, and metastatic small cell carcinoma. Ewing's tumour shows the following microscopic characteristics:
1. Pattern. The tumour is divided by fibrous septa into irregular lobules of closely-packed tumour cells. These tumour cells are characteristically arranged around capillaries termed 'pseudorosette patternt.
TUMOURS OF THE CNS
    Tumours of the CNS may originate in the brain or spinal cord (primary tumours), or may spread from another primary site of cancer (metastatic tumours). More than one-quarter of the CNS tumours are secondary meta​stases arising in patients undergoing treatment for systemic cancer. Primary CNS tumours are the second commonest form of cancer in infants and children under the age of 15 years, exceeded in frequency only by leukaemia. Both benign and malignant CNS tumours are capable of producing neurologic impairment depending upon their site.
    Primary CNS tumours or intracranial tumours include: tumours arising from constituent cells of the brain (with the sole exception of microglial cells) and from the supporting tissues. In childhood, tumours arise from more primitive cells (e.g. neuroblastoma, medulloblastoma).
Classification of Intracranial Tumours.
I. TUMOURS OF NEUROGLIA (GLIOMAS)
1. Astrocytoma
2. Oligodendroglioma
3. Ependymoma                                                                                    ' ,
4. Choroid plexus papilloma
II. TUMOURS OF NEURONS
1. Neuroblastoma
2. Ganglioneuroblastoma
3. Ganglioneuroma
III. TUMOURS OF NEURONS AND NEUROGLIA
Ganglioglioma
IV. POORLY-DIFFERENTIATED AND EMBRYONAL TUMOURS
1. Medulloblastoma
2. Neuroblastoma
3. PNET
V. TUMOURS OF MENINGES
1. Meningioma
2. Meningeal sarcoma
VI. NERVE SHEATH TUMOURS
1. Schwannoma (neurilemmoma)
2. Neurofibroma
3. Malignant nerve sheath tumour
VII. OTHER PRIMARY INTRAPARENCHYMAL TUMOURS
1. Haemangioblastoma
2. Primary CNS lymphoma
3. Germ cell tumours
VIII. MISCELLANEOUS TUMOURS
1. Malignant melanoma
2. Craniopharyngioma
3. Pineal cell tumours
4. Pituitary tumours
IX. TUMOUR-LIKE LESIONS
(epidermal cyst, dermoid cyst, colloid cyst)
X. METASTATIC TUMOURS
GLIOMAS
    The term glioma is used for all tumours arising from neuroglia, or more precisely, from neuroectodermal epithelial tissue. Gliomas are the most common of the primary CNS tumours and collectively account for 40% of all intracranial tumours. They include: tumours arising from astrocytes (astrocytomas and glioblastoma multiforme); from oligodendrocytes (oligodendroglioma); from ependyma (ependymoma); and from choroid plexus (choroid plexus papilloma). Gliomas may be well-differentiated or poorly-differentiated.
Astrocytoma and Glioblastoma Multiforme
     Astrocytomas are the most common type of gliomas. In general, they are found in the late middle life with a peak in 6th decade of life. They occur predominantly in the cerebral hemispheres, and occasionally in the spinal cord. In children and young adults, pilocytic astrocytomas arise in the optic nerves, cerebellum and brainstem. Astrocytomas have tendency to progress from low grade to higher grades of anaplasia.
PATHOLOGIC CHANGES. Pathologically, astrocytomas are divided into 3 progressive histologic grades:
1. LOW-GRADE ASTROCYTOMA. G/A It is a poorly defined, grey-white tumour of variable size.
M/E It is composed of well-differentiated astrocytes separated by variable amount of fibrillary background of astrocytic processes. Based on the type of astrocytes, three subtypes are distinguished: fibrillary, protoplastic and gemistocytic astrocytoma.
PILOCYTIC ASTROCYTOMA. It is a distinctly benign astrocytoma occurring in children and young adults.
G/A It is usually cystic or solid and circumscribed.
M/E It is predominantly composed of fusiform pilocytic astrocytes having unusually long, wavy fibrillary processes.
2. ANAPLASTIC ASTROCYTOMA. 
G/A It may not be distinguishable from the low-grade astrocytoma.
M/E  It contains features of anaplasia such as hypercellularity, pleomorphism, nuclear hyperchromatism and mitoses. Another characteristic feature of anaplastic variety of astrocytoma is the proliferation of vascular endothelium.
3. GLIOBLASTOMA MULTIFORME. 
G/A It shows variegated appearance, with some areas showing grey-white appearance while others are yellow and soft with foci of haemorrhages and necrosis. The surrounding normal brain tissue is distorted and infiltrated by yellow tumour tissue.
M/E i) Highly anaplastic and cellular appearance.
ii) Areas of tumour necrosis around which tumour cells may form pseudopalisading.
iii) Microvascular endothelial proliferation is marked.
Oligodendroglioma 
    Oligodendroglioma is an uncommon glioma of oligodendroglial origin and may develop in isolation or may be mixed with other glial cells. The tumour commonly presents in 3rd to 4th decades of life.
G/A Oligodendroglioma is well-circumscribed, grey-white and gelatinous mass having cystic areas, foci of haemorrhages and calcification.
M/E The tumour is characterised by uniform cells with round to oval nuclei surrounded by a clear halo of cytoplasm and well-defined cell membranes. Tumour cells tend to cluster around the native neurons forming satellitosis. Typically, there are varying degree of endothelial cell hyperplasia and foci of calcification.
Ependymoma
    Ependymoma is not an uncommon tumour, derived from the layer of epithelium that lines the ventricles and the central canal of the spinal cord. It occurs chiefly in childhood and young adulthood (below 20 years of age). Typically, it is encountered in the fourth ventricle (posterior fossa tumour).
G/A Ependymoma is a well-demarcated tumour but complete surgical removal may not be possible due to close proximity to vital structures in the medulla and pons.
M/E The tumour is composed of uniform epithelial (ependymal) cells forming rosettes, canals and perivascular pseudorosettes. By light microscopy under high magnification, PTAH-positive structures, blepharoplasts, representing basal bodies of cilia may be demonstrated in the cytoplasm of tumour cells.
Two variants of ependymoma deserve special mention:
1.Myxopapillary ependymoma. Characteristically, it occurs in the region of cauda equina and originates from the filum terminale in adults. True to its name, it contains myxoid and papillary structures interspersed in the typical ependymal cells. It is a slow-growing tumour.
2. Subependymoma. It occurs as a small, asymptomatic, incidental solid nodule in the fourth and lateral ventricle of middle-aged or elderly patients. Areas of microcysts and calcification may be encountered.
Choroid Plexus Papilloma
    Tumours derived from choroid plexus epithelium are uncommon intracranial tumours. They are found in the distribution of the choroid plexus. In children, they occur most frequently in the lateral ventricles, whereas in adults fourth ventricle is the most common site.
G/A The tumour projects as rounded, papillary mass into one of the ventricles.
M/E Choroid plexus papilloma is a papillary tumour resembling normal choroid plexus with a vascular connective tissue core covered by a single layer of cuboidal epithelium which lies upon a basement membrane.
Medulloblastoma                                                                          
    Medulloblastoma is the most common variety of primitive neuroectodermal tumour. It comprises 25% of all childhood brain tumours but a quarter of cases  occur in patients over the age of 20 years. The most common location is the cerebellum in the region of roof of fourth ventricle, in the midline of cerebellum,  in the vermis, and in the cerebellar hemispheres. Medulloblastoma is a highly   f malignant tumour and spreads to local as well as to distant sites.
G/A The tumour typically protrudes into the fourth ventricle as a soft, grey- white mass or invades the surface of the cerebellum.
M/E Medulloblastoma is composed of small, poorly-differentiated cells with illdefined cytoplasmic processes and a tendency to be arranged around blood 1 vessels and occasionally forms pseudorosettes (Homer-Wright rosettes).
OTHER PRIMARY INTRAPARENCHYMALTUMOURS
Haemangioblastoma
    Haemangicblastoma is a tumour of uncertain origin and constitutes about 2% of all intracranial tumours. It is seen more commonly in young adults and is commoner in males. It may occur sporadically or be a part of von Hippel-Lindau syndrome (along with cysts in the liver, kidney, and benign/malignant renal tumour).
G/A The tumour is usually a circumscribed cystic mass with a mural nodule. The cyst contains haemorrhagic fluid.
M/E i) Large number of thin-walled blood vessels lined by plump endothelium, ii) Vascular spaces are separated by groups of polygonal lipid-laden foamy stromal cells.
Primary CNS Lymphoma
    Lymphomas in the brain may occur as a part of disseminated non-Hodgkin's lymphoma or may be a primary CNS lymphoma. The incidence of the primary CNS lymphoma has shown a rising trend in patients of AIDS and other immunosuppressed conditions. They occur in men above 5th decade of life. Primary CNS lymphoma has a poor prognosis.
G/A The tumour is frequently periventricular in location and may appear nodular or diffuse.
M/E i) Characteristically, the tumour grows around blood vessels i.e. has an angiocentric growth pattern. Reticulin stain highlights this feature well.
ii) Typically, CNS lymphomas are diffuse, large cell type with high mitotic activity.
iii) They are generally B-cell type.
Germ CellTumours
    Rarely, germ cell tumours may occur in the brain, especially in children. Common locations are suprasellar region and pineal area. Some common examples of such tumours are germinoma (seminoma/dysgerminoma), teratoma and embryonal carcinoma. Morphologically, they are similar to their counterparts elsewhere.
Meningioma
    Meningiomas arise from the cap cell layer of the arachnoid. Their most common sites are in the front half of the head and include: lateral cerebral convexities, midline along the falx cerebri adjacent to the major venous sinuses parasagit-tally, and olfactory groove. Less frequent sites are: within the cerebral ventricles, foramen magnum, cerebellopontine angle and the spinal cord. Meningiomas are generally solitary. They have an increased frequency in patients with neurofibromatosis 2 and are often multiple in them. They are usually found in 2nd to 6th decades of life, with slight female preponderance. Most are benign and can be removed successfully.
G/A Meningioma is well-circumscribed, solid, spherical or hemispherical mass of varying size (1 -10 cm in diameter). The tumour is generally firmly attached to the dura and indents the surface of the brain but rarely ever invades it. Cut surface of the tumour is firm and fibrous, sometimes with foci of calcification.
M/E Meningiomas are divided into 5 subtypes:
1. Meningotheliomatous (syncytial) meningioma. This pattern of menin​gioma resembles the normal arachnoid cap cells. The tumour consists of solid masses of polygonal cells with poorly-defined cell membranes (i.e. syncytial appearance).
2. Fibrous (fibroblastic) meningioma. A less frequent pattern is of a spindle-shaped fibroblastic tumour in which the tumour cells form parallel or interlacing bundles.
3. Transitional (mixed) meningioma. This pattern is characterised by a combination of cells with syncytial and fibroblastic features with conspicuous whorled pattern of tumour cells, often around central capillary-sized blood vessels. Some of the whorls contain psammoma bodies due to calcification of the central core of whorls.
4. Angioblastic meningioma. An angioblastic meningioma includes 2 patterns: haemangioblastic pattern resembling haemangioblastoma of the cere​bellum, and haemangiopericytic pattern which is indistinguishable from haemangiopericytoma elsewhere in the body.
5. Anaplastic (malignant) meningioma. Rarely, a meningioma may display features of anaplasia and invade the underlying brain or spinal cord.
NERVE SHEATH TUMOURS 
Schwannoma (Neurilemmoma)
    Schwannomas or neurilemmomas arise from cranial and spinal nerve roots. An acoustic schwannoma or acoustic neuroma is an intracranial schwannoma located within the internal auditory canal originating from vestibular portion of the acoustic nerve. Intraspinal schwannomas are found as intradural tumours in the thoracic region.
G/A A schwannoma is an encapsulated, solid, sometimes cystic, tumour that produces eccentric enlargement of the nerve root from where it arises.
M/E The tumour is composed of fibrocellular bundles forming whorled pattern. There are areas of dense and compact cellularity (Antoni A pattern) alternating with loose acellular areas (Antoni B pattern). Areas of Antoni A pattern show palisaded nuclei called Verocay bodies. Nerve fibres are usually found stretched over the capsule but not within the tumour. Areas of degeneration contain haemosiderin and lipid-laden macrophages. Schwann cells characteristically express S-100 protein. A schwannoma rarely ever becomes malignant.
Neurofibroma and von Recklinghausen's Disease
    Neurofibromas may occur as solitary, fusiform cutaneous tumour of a single nerve, but more often are multiple associated with von Recklinghausen's disease. Solitary neurofibroma is a tumour of adults but multiple neurofibromas or neurofibromatosis is a hereditary disorder with autosomal dominant inheritance. Solitary neurofibroma is generally asymptomatic but patients with von Recklinghausen's disease have a triad of features;
■ multiple cutaneous neurofibromas
■ numerous pigmented skin lesions ('cafe and leaf spots); and
■ pigmented iris hamartomas.
    Neurofibromatosis type 1 is a genetic disorder having mutation in chromo​some 17 while type 2 has mutation in chromosome 22.
G/A Neurofibroma is an unencapsulated tumour producing fusiform enlarge​ment of the affected nerve. Neurofibromatosis in von Recklinghausen's disease is characterised by numerous nodules of varying size, seen along the small cutaneous nerves but may also be found in visceral branches of sympathetic nerves.
M/E A neurofibroma is composed of bundles and interlacing fascicles of delicate and elongated spindle-shaped cells having wavy nuclei. The cellular area is separated by loose collagen and mucoid material. Residual nerve fibres (neurites) may be demonstrable.
It is estimated that about 3% of patients with von Recklinghausen's neurofibromatosis develop malignant transformation of one of the nodules.
Malignant Peripheral Nerve SheathTumour
    Malignant peripheral nerve sheath tumour (MPNST) is a poorly differentiated spindle cell sarcoma of the peripheral nerves occurring most often in adults. The tumour may arise de novo or from malignant transformation of a pre​existing neurofibroma than a schwannoma, generally at an early age (20-40 years). About 50% of the tumours are seen in patients with neurofibromatosis type 1, while some develop at sites of previous irradiation.
G/A The tumour appears as an unencapsulated fusiform enlargement of a nerve.
M/E The tumour has the appearance of a fibrosarcoma. The tumour has frequent mitosis and areas of necrosis. Triton tumour is the name use for MPNST which has areas of poorly-differentiated rhabdomyosarcoma, cartilage and bone.
    From vegetative nervous system can arise such benign tumors as: 1. paraganglioma, 2. ganglioneuroma. Malignant: 1. ganglioneuroblastoma (sympathoblastoma)
NOTE.
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LESSON №15
TOPIC: TUMOURS OF THE  BLOOD

SYSTEM .
    Tumours of the blood system (hemoblastoses) are divide into two groups: leukoses  systemic tumoral diseases of a hemopoietic tissue and lymphomas– regional tumoral diseases of hemopoietic and (or) a lymphatic tissue.

Leukoses. GENERAL CHARACTERISTIC
    Initially, tumor cells occur in a red bone marrow and then metastasize in a spleen, lymph nodes, liver,  mesentery both other organs and tissues. As the metastasis descends in hematogenic way, the first metastasises are localize along of blood vessels, therefore in a perivascular connective tissue clumps of tumor cells (infiltrates) are formed. Infiltrates break a blood supply of a parenchyma of such organs as a liver, kidneys, lungs, they squeeze parenchymatous cells, leads to hypoxia, which is characteristic for leukoses, because of depression of an erythrogene-sis. In turn, the hypoxia leads to a dystrophia of function cells . 

    The infiltration can be diffuse and focal. The diffuse infiltration by numerous leukemic cells results in substantial growth of volume of an organ, but this process is long, as accumulation of cells is join with  their division.  So, that why in acute leukoses the lifetime from the moment of development of disease is short (till 1 year), the hepatolienal syndrome is expressed less considerably, than in chronic leukoses in which patients live much longer. The focal infiltration influences on  function of a organs  less, but can result in invasion of capsula and diffusion of tumoral cells in near by  tissues.   For leukoses are typically presence of leukemic cells in a blood. It has been noticed by known scientist Virhovym and has served as the cause to name these diseases by leukemias.

   The increase of quantity of tumor cells in a red bone marrow results to that they supersede normal hemopoiesises, including populations of cells erythrocytic, granulocytic, platelet and lymphoid series. The disadvantage of erythrocytes results in an anemia, decrease of quantity of thrombocytes (thrombocytopenia) leads to hemorrhagic syndrome, decrease of number of lymphocytes leads to secondary immunodeficiency syndrome for which is typically necrotic processes in mucosas, contagions with the subsequent generalization and a sepsis.

ETIOLOGY
    The role of viruses in an etiopathogenesis of leukoses is proved for: 
а) acute endemial Т-lymphocytic leukosis; c) a hairy - cellular leukosis; d) for Burkitt's lymphoma.   The ionizing radiation is the recognized factor influencing a case rate of leukoses. And the mutation rate depends on a radiation dose. After nuclear explosions in Hiroshima and Nagasaki the case rate of acute and chronic leukoses among irradiated people has increased in 7.5 times. Chemicals, such as dibenzamide, benzpyrene, methyl chloride and others, can initiate malignant process in he-mopoietic cells. Genetic factors show in family character of diseases. 

     In leukoses, as well as in other tumours in leukemic cells we can find changes in chromosomes: aberation chromosomes are found out. For example: in a chronic myeloid leukosis it is damaged 22-n a steam(vapour) of chromosomes it name Рh1-a chromosome or Philadelphia). In children with Down syndrome in which Ph1-the chromosome also is found out, the leukosis happens in 10-15 time more often.

    The pathogeny of a leukosis is connected with an activation of cellular protooncogenes and depressing of activity tumoral suppressor genes under influence of set forth above factors. In the person suppressor intensifying activity of protooncogenes is registered at leukoses: rаs (1-st chromosome – in various leukoses), sis (22-n a chromosome – in a chronic leukosis), myc (8-th chromosome – in Burkitt's lymphoma)

    Development of leukoses is subordinated to rules of a tumoral progression, i.e. in the beginning, disease proceeds with monoclonal leukemic cells, this stage is proceeds rather benign, in this time leucosis are well treated by cytostatic and by transplantation of cells of red bone marrow. Then, as a result of padding mutations in tumor cells occur polyclonal leukemic cells, distinguished by the greater aggressiveness and fastness to a chemotherapy. 

Classification of leukoses.

By quantity of leucocytes in a blood differ following types of leucosis: 

1) leukemic;

2) subleukemic;

3) leukopenic;

4) aleukemic (it is not enough leukemic cells in a blood).

   In dependence on a degree of maturity of the cells amounting a tumour leukoses divide on acute and chronic. Modern classification of hemopoietic cells contains the following classes:

1-st class – pluripotent stem cell-precursor.

2-nd class – partially determinate pluripotent stem cell-precursor.

3-rd class – unipotent cells precursors of B lymphocytes, T lymphocytes,  leukopoiesis,  erythrogenesis,  thrombocytopoiesis.

4-th class – blastocyte: (myeloblasts,  lymphoblasts, monoblasts, erythroblasts, mega-karyoblasts), morphological are differentiated, have the fixed histochemical characteristic: the contents of fixed enzymes, lipids, glycogen, etc. 

5-th class – maturing cells. 

6-th class – mature cells.

    Cells of first 3 classes have no morphological differences and cannot be referred to any cells population. 

    On the base of histogenesis of leukemic cells among acute leukoses differ undifferentiated leucosis, which educes from cells of first 3 classes. Other forms educe from cells of 4-th class, i.e. blastocyte (myeloblastic, lymphoblastic, erythromyeloblastic, megakaryoblastic).

    For acute leukoses typically presence undifferentiated blast cells, therefore we call them "blast " leukoses. The course of these leukoses is malignant. For chronic leukoses typically presence of the differentiated tumor cells – "cellular" leukoses. The course of these leukoses is benign.

    Chronic leukoses, in dependence on a origin of tumor cells are devided on: chronic leukoses of a myeloid origin; chronic leukoses of a lymphoid origin. 

1) Chronic leukoses myelocytic origin are devided on: а) a chronic myeloid leukosis, b) a chronic myelosis, c) true polycytoemia (erythremia), d) essential thrombocytoemia.

2) Chronic leukoses lymphoid origin includes: а) chronic lymphoid leukosis, b) a lymphomatosis of  skin (disease Sezary), c) paraproteinemic leukoses: (a multiple myeloma, initial macroglobulinemia of Valdenstrem, disease of heavy chains of Franklin).

Acute leukoses.

    To diagnose of an acute leukosis is necessary to detection in an bone marrow (a punctate from a breast bone) blast cells more than 30 % (in normal bone marrow their myelogram up to 5 %). However, in the contents from 5 % up to 20 % blast cells in a red bone marrow diagnoses myelodysplastic syndrome in the form of a refractory anemia with much blast cells. If in trepanobiopsy from an ileal bone marrow  find 20-30 % blast cells, it means, that takes place myelodysplasia (myelodysplastic syndrome) in the form of a diagnoses myelodysplastic syndrome in the form of a refractory anemia in a stage of transformation in an acute leukosis, thus in trepanobiopsy clumps blast cells are visible. Acute leukoses meet more often in persons of young age. The basic syndroms of an acute leukosis are linked with to replacement of an bone marrow by tumor cells and an infiltration of a spleen, a liver, lymphonoduses, kidneys, a brain, its coats and other organs.  

    The most often clinical syndroms: the anemia, a hemorrhagic syndroms, immunodeficiency syndroms with ulcero-necrotic and septic complications; a splenomegaly more often is not expressed, as the acute leukosis quickly results in death. Feature of acute leukoses - hiatus leucemicus - a leukemic failure (presence of mature forms of cells and blast cells) while in norm and in leukemoid reactions in a blood we can find mediate forms of cells (promyelocytes, myelocytes, metamyelocytes, stab [bond] neutrophil).

    The form or kind of an acute leucosis are established by histochemical and (or) by means of monoclones. Histochemical, they  define a profile of the cells population cells, for example, for myeloblast leukosis typically presence in cytoplasm of diffuse glycogen, lipids, peroxidases, acidic phosphatase and absence of glycosaminoglycan.

   Acute leukoses in children have some features: they meet more often; infiltration is typical of them (in all organs, except for generative organs); nodulose infiltrates, it is especial in a thymus gland; more often meets Т-cellular lymphoblastic a leukosis. 

    The acute undifferentiated leukosis proceeds quickly and malignant as undifferentiated, young tumor cells are refractory to a chemotherapy. The clinical pattern is characterized by an infiltration by undifferentiated tumor cells of an bone marrow,  spleen, lymphonoduses, tonsils, lymphatic follicles, walls of vessels, a myocardium, kidneys,  brain. The spleen and a liver enlarged (splenomegaly -and  hepatomegalia). Frequently there are gingivitis, a tonsillitis (a necrotic angina) which result in a sepsis and are linked with an increasing immunodeficiencyy. The hemorrhagic greenish s results in bleedings and a hematencephalon,  hemorrhagic rash. The anemia which is linked with to replacement of an bone marrow by tumor cells and re-sults in a dystrophia of parenchymatous organs. The causes of death are: sepsis, ulcerouse-necrotic complications, bleedings (in stomach, intestine, etc.), hematencephalons.

    Acute myeloblast leukosis has own histochemical  profile. The bone marrow becomes grayish, (pus-like). The hepatolienal syndrom is expressed moderately, but this leukosis also quickly results in death. The infiltration of leucemic cells  is marked in mucosa of a GIT: necrosises in fauces, tonsils, a stomach, and also in kidneys. In third of cases the infection contamination in lungs – leucemic pneumonitis; in third of cases the infection con-tamination in menings – leucemic  meningitis is observed. 
    Acute erythromyeloblast leukosis (acute erythromyelosis) – the infrequent form (1-3 % of all leukoses). There is a growth as low differentiated nuclear cells of an erythrogenesis, and myeloblasts, monoblasts and undifferentiated blasts. As a result of replacement of a myeloid tissue by tumor cells arise: an anemia, a leukopenia, a thrombocytopenia. The infiltration tumor cells of a liver and a spleen results in their enlagment. 

    Acute megakaryoblast leukosis – an infrequent leukosis. In a blood and red bone mar-row alongside with undifferentiated blasts there are megakaryoblasts, misshapen megacaryocytes and clumps of thrombocytes. The number of thrombocytes in a blood is enlarged up to 1000-1500 in 1 microliter. 

    Acute plasmablast  leukosis arises from progenitors of B-cells, capable to production of immunoglobulins which turn to tumoral plasmablasts (antibody-secreting cell). They secrete pathological immunoglobulins (paraproteins). This leukosis includes into groups of paraproteinemic hemoblastoses. 

Chronic leukoses. 

    Chronic leukoses are proceed  more benign, than acute. In a peripheric blood there is no leukemic failure. 

    Myelosis – the first leukosis in which specific genetical anomaly is revealed. In a place of the discovering it has received name Philadelphia (Ph1)  chromosome. The basic event descending in formation of a Ph1-chromosome is the exchange of a genetical stuff between chromosomes 9 and 22. As a result of this reciprocal translocations series appear posed 2 genes: a gene bcr from 22 chromosomes and a gene abl, derivativ from a chromosome 9. Now it is establish, that the basic role in development of pathological exhibitings in myelosis is linked with a genome bcr-abl. As a result of this genic rearrangement it is formed chimerical cytoplasmic protein р210 which is responsible for the majority phene anomalies.

    Hybrid protein р210 has increased tyrosine kinase activity. Protein р210 is localized in cytoplasm while normal protein р145 is localized in a nucleus. Due to the abnormal position and increased tyrosine kinase activity it transforms stem cells to cells of a myelosis. In norm the maturing and a proliferation of hemopoietic cells are under the control of medullar stromal microenvironments, which controls their interaction with the help of growth factors. With presence of protein р210 in leukemic precursors bind infringement of carrying out of the signals providing normal functioning of a cell. The Ph1-chromosome is found out in 95 % of patients with a typical clinical pattern of a myelosis. 

    During the leukosis clinical course they differ 2 stages: monoclonal – benign, polyclonal – malignant. 
    The spleen and  liver are enlarged. The phase lasts some years (till 5-6 years). In this stage of a leukosis neutrophils morphological do not differ from normal neutrophils, but they contain a Ph1-chromosome.

   In the second stage which is more transient (end-stage) monoclonal it is changed by polyclonal. In a blood, as well as in a red bone marrow, occur blast forms (blast crisis). A blood is grey- red, organs are anemic. The quantity of leucocytes achieves more that one million cells in 1 microliter. The hepatolienal syndrom is expressed: the liver is enlarged up to 6 kg, in it the focuses of leukemic infiltration are visible. The spleen is enlarged up to 8 kg: the tissue of a spleen is replaced by leukemic infiltrate, it is a lot of leukemic thrombuses and infarcts. The bone-marrow is grey- red or grey- yellow). In bone-marrow the quantity of blasts, promyelocytes, myelocytes, metamyelocytes is considerably enlarged. Leukemic  infiltration is seen in lymphonoduses, tonsils, lymphatic follicles, kidneys, skin. In a lumen of vessels are formed leukemic  thrombuses in this connection there are infarcts in organs. 

    The Osler's disease (erythremia) meets more often in older persons. In a bone marrow there is an ascending all cells sterm, but mainly erythrocytic. In a blood o lot of  – (plethora) is a lot of erythrocytes. The increasing of thrombocytes and granulocytes conducts to increasing of viscosity of a blood. The increasing of arterial pressure leads to hypertrophy of a myocar-dium. The splenomegaly is expressed. The clinical course is benign, since transformation in a myelosis. In an bone marrow,  spleen,  liver are visible the focuses of extramedullary hemopoiesises with a lot of megacaryocytes.

    Chronic leukoses of a monocytic origin are combine a chronic monocytic leukosis and histiocytoses. The chronic monocytic leukosis arises in people of old  age. In the beginning the clinical course of monocytic leukosis is benign without disturbance of a medullar hemopoiesis, rarely it happens that  spleen  is enlarged. It is the first stage. The leucosis is ends blast cri-sis with growth of cells in a red bone marrow and an internals.

Histiocytoses combine bunch of boundary myeloproliferative diseases:

1. Eosinophilic granuloma 

2. Desease of Letter-Zive;

3. Normal cholesteremic xanthomatosis, lipogranulomatosis, Hand-Schuller-Christian disease

Chronic lymphoid leukosis.

    Ussualy meets in persons of old age (can be in members of one family). Educes more of-ten from B-cells. The contents of leucocytes in a blood increased to 100х109/l, among them up to 95 % can be lymphocytes. Leukemic infiltrates involve a red bone marrow, superseding all cells of myeloid hemopoiesis. The clinical manifestation are:anemia,  thrombocytopenia with  hemorrhagic syndrome, immunodeficiency state,  because of tumor cells do not produce specific antibodies. In patients frequently arises complications of the infection nature (pneumonia). Bone marrow is red colour, but with fields of yellow colour (difference from a myeloleukemia). Lymphonoduses enlarged, merge, forming dense packages, lymphatic follicles, tonsils are enlarged too. The spleen is enlarged up to 1 kg, the infiltrate involve all follicles which, then a red pulp and a capsula. The liver is enlarged, with gray-white nodes. Hepatocytes with futty and a proteinaceous dystrophia. Kidneys are enlarged, dense. The infiltration is dense, structure of kidneys is not visible.

     Mediastinum, mesentery, myocardium, serous and mucosas with a diffuse or focal infiltration, with formation of nodes. There can be a danger of compression of the organs and vessels. For example, compression of heart,  esophagus, a trachea. 

Lymphomatosis of a skin.

    The chronic lymphoid leukosis which is characterized by an infiltration Т-tumoral first of all skins (an excruciating itch), then is involved an bone marrow. 

Paraproteinemic leukoses.

    These are diseases in which basis lays the neoplastic proliferation of plasma cells, capable to synthesize immunoglobulins or their fragments. This bunch combines a multiple myeloma, initial macroglobulinemia, desease of heavy chains (Franklin). All diseases proceed from В-cells, precursors of plasmocytes. Tumor cells in these diseases synthesize immunoglobulins – paraproteins.

Multiple myeloma (myeloma).  
    Meets basically in adults. Simple observations are described in people more youngly 30 years. The name disease and the tumor cell have received in because of primary localization of process in bone marrow (myelom).

    There are some variants of a multiple myeloma in dependence on a distributional of myeloma infiltrates in an bone marrow, from character of myeloma cells and from type of synthesized paraprotein.

    On character of prevalence of a tumoral infiltrate in bone marrow they can be: 1. diffuse, 2. diffuse - nodulose, 3. multiple-nodulose forms of a myeloma. On cellular composition – 1. plasmocytic, 2. plasmablast, 3. polymorphocellular and 4. small-cells. The tumor tissue expands mainly in  skull, ribs, column. In bones arise а) osteolysis, b) osteoporosis, c) an alar resorption, that quite often results in pathological fractures of bones. Protein gets in a blood and results in а) hyperproteinemia, b)  disproteinemia, в)  paraproteinemia. Protein is excreted with urine and results in paraproteinuria. Protein is absorb tubuli of kidney, therefore in them there can be а) a myeloma of kidney (paraproteinemic nephrosis), b) amyloidosis,  c) a pyelonephritis, that frequently results in a uremia.

Lymphomas

    Lymphomas- regional malignant tumours of lymphoid tissue.

CLASSIFICATION.

1. lymphogranulomatosis 2.  lymphosarcoma 3.  reticulosarcoma 4.  mycosis fungoides. In an end-stage of diseases the generalization of tumoral process with development of metastasises in an bone marrow.

    The most often meet the lymphogranulomatosis (Hodgkin's disease). It involve more often: а) cervical, b) mediastinal and c) retroperitoneal lymph nodes, less often: а) inguinal, b) axillary. Lymphonoduses enlarged in the size, join with each other as packages.

    The tumoral tissue in  lymphogranulomatosis is submitted by three kinds of cells: big and small cells Hodgkin's with one large nucleus keeping nucleoluses, and multinucleate Reed-Sternberg cell. 

CLASSIFICATION OF LYMPHOGRANULOMATOSIS is based on localisation of  tumours and morphological changes. There are isolated variant with a lesion of one bunch of lymph nodes (cervical, mediastinal, retroperitoneal, etc.) and generalized with diffu-sion of process on some bunches of lymph nodes, as a rule, with recruitment phenomenon of a lien.

Histopathology variants of lymphogranulomatosis are: 1) with predominance of lymphoid tissue, 2) nodular sclerosis, 3) mixed - cellular, 4) with supression of lymphoid tissue. 

    The forecast correlates with quantity(amount) of the kept lymphocytes.
NOTE.
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LESSON 16: FINAL TEST 2
LIST OF MICROSLIDES FOR FINAL TEST 2
№6 Meningioma
№15 Fibroadenoma of breast
№32 Lymphogranulomatosis, (Hodgkin's disease)

№55 Glandular (simple) hyperplasia of endometrium
№57 Hypetrophy of the myocardium
№58-а. Papilloma of skin
№59 Fibromyoma (leomyoma) of uterus
№62 Squamous cell carcinoma with keratinization 

№64 Infiltrative ductal breast cancer (scirrhous [fibrous] carcinoma)

№65 Lymphogenic metastasis of cancer in the lung

№67 Colon cancer.
№71-a Hemangioma of skin

№80 Chorioepithelioma
№84 Liver. Chronic lympholeucosis (chronic lymphatic leukemia)

№108 Nevrinoma

№109 Nodular goiter

№132 Renal cells carcinoma. (Clear cells type).

№141 Liver. Chronic myeloid leucosis. 
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